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INTRODUCTION 
Active devices that possess inherent negative resistance hold an 
important place in the field of electronics. A device that has this 
characteristic will ordinarily have two stable states and will be able 
to be switched from one to the other. There has been a good deal of work 
done on a variety of two and three terminal p-n-p-n semiconductor devices 
that fall into the above category. The three terminal device that is 
controllable for both tum-on and turn-off by means of gate current I^  
will be the type of device that is to be considered here. This type of 
device has various names such as thyristor, GTO (gate turn-off), and 
GCS (gate controlled switch) depending on the reference or manufacturer 
being considered. The purpose of this thesis will be to present a 
mathematical model, usine numerical techniques to set up a computer 
solution, of the gate controllable device that will permit the explora­
tion of the behavior of the device during the time of switching from 
one stable state to the other and that will allow exploration of the 
dependence of this behavior on the device geometry and fabrication. The 
computer model results will be compared to the actual behavior of a 
commercial device. 
Theory of Operation 
Some of the basic concepts involved in the two terminal device as 
shown in Figure la are presented by Moll ^  (17). This type of 
device is fairly amenable to analysis and has been given a good deal of 
attention in the literature. Mackintosh (14) and Aldrich and Holonyak (1) 
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have discussed some aspects of the three terminal version of the p-n-p-n 
switch as shown in Figure lb. As pointed out in these papers, this type 
device usually has transverse base currents and so will present a two-
space dimensional problem which will be more difficult to handle than the 
two terminal case. 
The process of switching from the "off" state to the "on" state for 
the two terminal device is ordinarily done by increasing the value of 
anode-to-cathode voltage to a point where avalanching occurs across the 
center junction of the device. To switch from the "on" state to the 
"off" state, the device current I is interrupted in some manner until 
the change has been accomplished. 
The three terminal device as shown in Figure lb can be turned on by 
applying a current pulse of appropriate polarity to the gate terminal. 
Some three terminal devices must be turned off by interruption of the 
device current by some manner while other three terminal devices can 
be turned off by a current pulse of the appropriate polarity at the 
gate terminal. 
Referring to Figures la and lb the two outer regions both act as 
emitters so that the outer junctions will be referred to as and Jg2* 
The center junction acts as a collector and the two inner regions 
both act as base regions. The region will be referred to as base 1 
and the region as base 2. The static fraction of the emitter 
current at emitter into base 1 that is collected at will be 
called The static fraction of the emitter current at emitter 
into base 2 that is collected at will be called When a low value 
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of voltage V of polarity shown in Figures la and lb is applied, the 
junctions and will be forward biased, and will be reverse 
biased. This corresponds to the high impedance, or "off", state shown 
as Region 1 in Figure 2. 
For the two terminal device of Figure 1 the device current I will be 
I = Ojl + a^ i + Igo (1) 
where 1^  ^is the collector junction saturation current. If this equation 
is solved for I the result is 
Thus if I^ Q is small and (a^  -r is small, the current I will be small, 
so that the "off" state corresponds to the condition 
«1 + a2 < 1 (3) 
If the values of Q:^  and increase for some reason, and the condition 
«i + «2 S: 1 (4) 
exists, then Equation 2 is no longer valid and the device current is 
limited only by the external circuit. In order for the collector current 
to be limited to the value of current flowing in the external circuit, 
the center junction becomes forward biased thereby emitting electrons and 
holes back into the base layers causing the base layers to become 
saturated with minority carriers. Under the condition of Equation 4, the 
device has all three junctions forward biased and is now in its low 
impedance, or "on" state corresponding to Region 2 of Figure 2 and will 
remain in this state until some external signal is applied to force a 
change. . It has been shown that the alpha value increases with emitter 
4 
Cathode 
Cathode 
N, 
El 
a. 
-5> 
N. 
Gate 
A 
V 
(b) 
Figure 1. Four layer devices 
(a) Two terminal device and 
(b) three terminal device 
/ 
V 'I 
Region 1 
S2 
Anode 
Region 2 
Figure 2. Idealized V-I curve of a p-n-p-n device 
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current as discussed by Moll _e^  al. (17), Aldrich and Kolonyak (2), 
Jonscher (11a), and others. Figure 3 gives the approximate behavior of 
the alphas for a four layer device under the assumption that the maximum 
value of CC^  is near unity while the maximum value of is considerably 
less. At very low values of emitter current alpha is very small because 
much of the current across the emitter junction is caused by recombina­
tion taking place inside the space depletion region of the junction 
causing the emitter injection efficiency to be low for low values of 
emitter current according to Sah e^  (22b). As the emitter current 
increases the recombination centers in the space depletion region tend 
to become saturated so that diffusion of carriers across the region 
increases causing the emitter injection efficiency, and thus alpha, to 
increase. The value of alpha will tend to drop off somewhat at high 
values of emitter current due to conductivity modulation of the base 
region causing the emitter efficiency, and thus alpha, to decrease. 
To turn on the two terminal device of Figure la, the voltage V is 
increased to a level where avalanche breakdown at causes an increase 
in the emitter currents causing (X^  and to increase. If the condition 
of Equation 4 is reached, the device will change from the high impedance 
to the low impedance state as Jg changes from a reverse to a forward 
bias. The device will remain in this low impedance state even if V is 
no longer held at the switching level. To return the device to the 
"off" state, the usual method of turning off the two terminal device is 
to reduce the device current below a certain minimum value, called the 
holding current, causing the device to change from the low impedance to 
6 
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Figure 3. Approximate alpha behavior for a p-n-p-n device for (a) the 
high alpha base and (b) the low alpha base 
the high impedance state as the center junction goes back to the reverse 
bias condition. 
The behavior of the three terminal device can be discussed in a 
similar way. The anode current is 
= Va + + :g) + :co 
If this equation is solved for the result is 
where is again the collector junction saturation current. Again, if 
Ig' ^ CO' *^^ 1 small, will be small and the device will be 
in the "off" state. If (o:^  +  ^1 now becomes the case, the device 
current will be limited by the external circuit and the device will be 
"on". For the three terminal device switching can be accomplished by 
increasing the emitter currents, and hence the alpha sum, by supplying a 
gate current at one of the bases. For turn-off, if the three terminal 
device is properly designed, charge can be withdrawn from the gate base 
which will reduce the emitter currents and the alpha sum causing the 
center junction to return to a reverse bias, high impedance condition 
when the two bases come out of saturation. 
The definition of turn-on time will be taken as the length of time 
from the application of a gate pulse until saturation of the base regions 
occur which will be when the device current begins to be limited by the 
external circuit. The turn-off time will be the length of time from 
when the control pulse is applied until the device current is small 
enough so that the device will again act as a high impedance device with 
8 
the control pulse ended. 
Lateral Effects in Gated P-N-P-N Devices 
Fletcher (5) has pointed out an effect in power transistors that 
must also be considered in devices with a gated base region. Because of 
the narrow base region and the finite resistivity of the base layer of a 
device such as in shown in Figure lb, the base current flowing in a 
transverse direction in the base region to supply the necessary^  charge 
for volume recombination, junction capacitance charging, losses due to 
emitter efficiencies less than unity, and any other necessary charge 
will cause transverse voltage differences along the base region. Thus 
when base current is being supplied to base 1 to turn the device on, the 
injected carriers along the emitter, junction will be a maximum nearest 
the base lead and will fall off due to the drop in emitter forward bias 
caused by the ohmic voltage gradient along the base. Thus for a narrow 
base region with relatively high resistivity, the effective emitter 
area will be limited to a region close to the gate contact. Figure 4 
illustrates the case during the time the device is being turned on. 
The turn-off operation is also complicated by the transverse base 
resistance. For turn-off, the entire emitting area must essentially be 
turned off when withdrawal of charge through the gate terminal is stopped 
or the device will still be in the low impedance condition. With charge 
being removed from the gate, there will be an ohmic voltage gradient 
that will cause the emitter voltage forward bias to be lowest next to 
the gate terminal and higher at points more remote from the gate. 
Figure 5 illustrates the case for charge being withdrawn from the base. 
M 
0 x(cin) 
Figure 4. Fall off of injected emitter current density as a function of 
transverse distance along base. Charge is being supplied to 
gate at X = 0. Base edges are at 0 and at w. 
0 x(cm) w 
Figure 5. Increase in injected emitter current density as a function 
of transverse distance along base. Charge is being withdrawn 
from gate at x = Oi Base edges are at 0 and at w. 
10 
Turn-On and Turn-Off Gain 
Turn-on gain is the ratio of load current after the device is on to 
the necessary value of gate current to turn it on. Likewise, turn-off 
gain is the ratio of the load current before turn-off is started to the 
gate current necessary to cause the device to turn off. Goldey e_t (9) 
have discussed some of the factors influencing gain. In order for the 
gate current to have maximum effect during turn-on, the alpha of the 
gated base should be large so that a given gate current will cause a 
large increase in emitter currents which in turn will increase the alpha 
sum causing turn-on if said increase is great enough. Once the device 
is "on", the center junction limits the device current and the alpha 
sum to approximately unity. If the device current were not limited, the 
alpha sum would approach some maximum value. The amount that this 
maximum value of the alpha sum exceeds unity essentially determines how 
much excess minority carrier charge is stored in the base regions. To 
keep this excess stored charge at a minimum, the alpha of the ungated 
base should be kept low. Thus the physical design of the device should 
be such as to give a high for the gated base, and a low for the 
ungated base. 
Structures 
A necessary condition for the operation of the p-n-p-n semiconductor 
device is the variable alpha sum. This is true for both the tifo-terminal 
and the three-terminal device. The avalanche process at junction is 
the means for increasing the alpha sum in the case of the two-terminal 
device. The consideration of turn-off gain for the gated three terminal 
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devices of Figures 6 and 7 puts the additional boundary condition of 
wanting the gated base alpha to be high and the ungated base alpha to be 
low. Consideration must be given to how the magnitude and variation in 
alpha can be controlled. 
The quantity Ci^  of the gated base is desired to be fairly high. The 
design of the device for this purpose is done using well known techniques, 
e.g. narrow base width, high injection efficiency, low volume recombina­
tion rate, etc. The controlled low 06^  structure can be achieved by 
reducing either the emitter efficiency of Jg2 the transport factor 
2^ of base 2 to low values. A general discussion of the ideas involved 
here are given in Gentry e_t al. (6). 
If the transport factor ^ 2 of a. device such as that shown in 
Figure 6 is to be controlled, this may be done by employing a wide base 
region for base 2. The same purpose would be accomplished if the life­
time were lowered by having a high density of recombination centers. As 
injection levels increase, and saturation of recombination centers enter 
into consideration, the lifetime would increase and tend to raise C%2' 
This effect might not be desirable if (%2 is to be kept at a low value to 
minimize saturation minority-carrier densities. Still another way that 
the minority-carrier transport can be varied is by an electric field in a 
wide base region due to majority carrier current flow. This effect is 
dependent on device current and thus gives a variable 0:2. This method 
of control is discussed by Lesk (12), Aldrich and Holonyak (1), and 
Gentry _et al. (6). 
If the emitter efficiency of Jg2 is to be the controlling variable. 
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there are at least two techniques that will allow this. The absolute 
magnitude of y2 be restricted to low values by designing emitter 2 
to have a high sheet resistivity with respect to the value of the sheet 
resistivity of base 2. The value of y as shown in Goldey _et al. (9) is 
where is the sheet resistance of the base layer and is the sheet 
resistance of the emitter layer. To obtain a low y the quantity 
> > R^ . If the emitter layer is made very thin and highly doped 
giving a high R^ , conductivity modulation of the emitter will not occur. 
If conductivity modulation occurred an increase in emitter injection 
efficiency would occur and cause a corresponding increase in . Another 
way to gain the variability and control of size for is by using a 
shorting contact to short together emitter 2 and base 2. Aldrich and 
Holonyak (2) discussed this technique in some detail and further 
discussion of this idea can be found in Gentry et a^ . (6, 7). As device 
current begins to flow in this type of device, as in Figure 7, there is 
a transverse flow of charge in base 2 under the shorted emitter toward 
the shorting contact causing a transverse voltage along base 2 which 
will forward bias the junction cause injection of holes into 
base 2. At low device current, the junction J^ 2 nearly inoperative 
as an emitter so that y^  is very nearly zero. As device current in­
creases the forward bias on J^ 2 will increase and the emitter will begin 
injecting more charge with a corresponding increase in y2' y2 
increases sufficiently to cause the alpha sum to reach unity, the device 
will switch to the low impedance, or "on", state. For turn-off, the 
preceding routine is reversed. If enough gate charge is withdrawn so 
that the transverse voltage drop in base 2 is insufficient to maintain 
heavy injection at y2 decrease enough to cause a drop in the 
alpha sum and the device will switch to the "off" state. The relative 
widths of the emitter layers are important and will effect the sizes of 
holding current and gate current for turn-on or turn-off. It should be 
especially noted that the shorting contact introduces further very 
important transverse considerations. 
Spread of "On" Region 
Because of the transverse biasing effect in a gated four-layer 
diode as discussed in the section on lateral effects, the region of the 
p-n-p-n switch that will be "on" first will be that part of the emitter 
closest to the gate terminal. If the device anode current is greater 
than the holding current when the gate current is discontinued after 
local tum-on has taken place, the device will remain on and there will 
be a gradual spreading of the "on" region due to the lateral diffusion 
of carriers in the base region so that the "on" state will spread. This 
phenomenon has been discussed by Longini and Melngailis (13). They 
have discussed this in terms of a "velocity of propagation" of the "on" 
state. Dodson (4a) did a good deal of experimental work on devices of 
the general form shown in Figure 6 that demonstrated how the "on" state 
spreads after local turn-on has taken place next to the gate region. 
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DESCRIPTION OF TilE PROPOSED MA.THEMATICAL MODEL 
The two types of devices that will be considered in this proposed 
mathematical model will be the devices shown in Figures 6 and 7. Both 
these devices have transverse base currents that strongly influence their 
behavior. The controlling quantity in both devices will be considered 
to be the gate current 1^  for both tum-on and turn-off. The voltage 
applied across the device will be assumed to be less than that required 
for avalanching to become important at junction 
Factors Effecting Gate Controlled Devices 
The gated p-n-p-n switch has high level effects that arise due to 
the base biasing effects causing the emitter current density at the 
gated emitter to be quite high at regions near the gate and to fall off 
rapidly at more remote parts of the emitter. The collector junction 
Jg becomes forward biased in the "on" state and this also must be accounted 
for. For devices of the sort shown in Figures 6 and 7 with CL^  the 
ungated base being designed to have a low value with a relatively wide 
base region of high resistivity, electric fields due to majority carrier 
current flow may also be important. 
The results of the considerations entering into the design of the 
devices of Figures 6 and 7 that will be important in the considerations 
for a mathematical model are: 
1. Transverse voltage gradient along base 1 and base 2 due to 
transverse current flow 
16 
2. T^ vo-dimansional minority carrier concentration in base 1 and 
base 2 due to transverse base currents 
3. Injected minority carrier concentration may be large enough 
to cause conductivity modulation to occur 
4. Emitter injection efficiency may be low enough in some cases 
so that carrier injection into the emitter may become important 
5. Collector junction becomes forward biased as the device 
turns on 
6. Electric field due to ohmic voltage drop in the low wide base 
region may become important. 
Some of these factors will be more important than others. The first of 
these factors has been discussed in the sections on lateral effects and 
on structures. This factor is very important and certainly must be 
included. The importance of the first factor leads directly to the 
reason why factor 2 must be included. Factor 3 is important since some 
parts of the gated p-n-p-n will be conducting heavily and will be turned 
on while other parts will be conducting very lightly. If the injected 
minority carrier concentration becomes sufficiently high, the transverse 
voltage along the effected base would be correspondingly changed and the 
emitter injection efficiency would change due to its dependence on the 
relative size of the base and emitter sheet resistivities as discussed 
in the section on tum-on and turn-off gain. Factor 4 must be considered 
since low emitter injection efficiency will result in the injection of 
charge from the base into the emitter and will increase the amount of 
base current necessary to drive the effected base. Factor 5 must be 
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taken into consideration because as the four-layer device changes from a 
high impedance to a low impedance state the center junction must 
change from a reverse to a forward bias in order to limit the device 
current. This points out that the criteria for the device being "on" 
depends on whether or not the center junction is reverse biased. The 
final factor is important because an electric field can cause more charge 
to be transported across the base thus effectively varying the alpha of 
the corresponding base and also can effect the transit time of carriers 
on base 2. Since the four-layer device is dependent on changing values 
of alphas for its behavior, this electric field must be considered. 
Overall View of the Problem 
The analysis of the devices of Figures 6 and 7 is complicated by 
their two-dimensional nature arising from transverse effects caused by 
variation in the emitter junction voltage from the transverse base 
current flow through the transverse base resistance and from transverse 
effects caused by the shorting contact of the device of Figure 7. 
Further complications arise due to the way the base regions are coupled 
so that they furnish drive to each other. Other factors discussed in the 
preceding section also cause complications. All these considerations 
make it extremely difficult, if not impossible, to get any sort of an 
exact mathematical solution. If a reasonably accurate analysis is 
desired, it becomes necessary to go to numerical techniques. The 
necessary equations will now be obtained and discussed, and then the 
overall approach to the use of these equations for the analysis of the 
problem will be discussed. 
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Equations needed for the solution 
The basic relation that governs the flow of the charged particles 
through semiconductor material is the equation of continuity. This 
equation completely describes the behavior of either electrons or holes 
in semiconductor material for both time and space variations. If an 
incremental volume dxdydz centered at (x,y,z) in a cartesian coordinate 
system is considered within the semiconductor material, the continuity 
equation requires that the time rate of increase in the number of 
carriers within this incremental volume is equal to the excess of 
generation over recombination plus the net inward flow of carriers 
across the surface of the volume. The method used here for the develop­
ment of the continuity equation parallels that of Shockley (23). If an 
N-type material is considered, the time rate of change of holes in the 
incremental volume is 
•|^  dxdydz (8) 
The excess rate of generation over recombination in the incremental 
volume is 
(g - r)dxdydz (9) 
where g is the net rate of generation of holes per unit volume and r 
is the net rate of recombination of holes per unit volume. The current 
density in the x-direction and into the middle of the dydz face of the 
volume is 
T (1°) 
The current flow out of the middle of the other dydz face will be of 
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exactly the same form with the negative sign replaced by a positive 
sign. Thus the net inward flow of holes for the dydz faces will be 
+ —^  f^ )]dydz = - j dxdydz 
(11) 
The net inward flow of holes for the dxdy and dxdz faces can also be 
found in an exactly similar manner resulting in an equation for the net 
inward flow of holes being 
, ôi Si ai , 
(—-i—-i—r^^)dxdydz V • i dxdydz (12) 
q ax By az  ^ q P 
Again referring to Shockley (23), if the assumption is made that the 
number of excess holes decay with the characteristic lifetime t^ , the 
average lifetime of a hole before recombination with an electron, the 
following relation is obtained; 
Pn - P' o 
(g - r)dxdydz = ' dxdydz = - dxdydz (13) 
T • "^ P 
Here p^  is the equilibrium value of concentration, p ' is the total 
concentration, and p is the excess concentration of the holes in the 
N-type material. The complete continuity equation obtained by putting 
these results together after noting that the dxdydz dependence will 
cancel out of each term gives 
. . A . i $ . Î (14) 
After a similar development is gone through for P-type material the 
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resulting equation for the minority electron concentration is 
The difference in sign on the divergence term results from the fact that, 
due to the opposite sign on the charge of holes and electrons, hole 
diffusion current flows in the direction of decreasing density while 
electron diffusion current flows in the direction of increasing density. 
In order to have the continuity equation strictly in terms of the 
minority carrier concentration, the relation between current density and 
this concentration is needed. For current density due to hole flow in 
an N-type region this relation is 
"ip = qp-pECp + p^ ) - qDp Vp (15) 
The analogous expression for current density due to electron flow in a 
P-type region is 
"i = qu. E(n + n ) + qD "vn (17) 
n n p n 
In both Equation 16 and 17, the first term on the right is a drift 
current due to an electric field and the second is diffusion due to a 
density gradient in the excess minority carrier concentration. For 
these equations, and are mobilities of electrons and holes in 
cm^ /volt sec, D and D are diffusion constants for electrons and holes 
 ^ P 
in cm /sec, E is the electric field vector, q is the magnitude of the 
charge on an electron, and i^  and i^  are current density vectors. 
If one of the continuity equations is to be applied to the analysis 
of a base region, it is necessary that the relation between the excess 
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minority carrier density at the edge of the transition region of a 
junction and the voltage across that junction be known. For an N-type 
region, the excess hole concentration at the edge of the transition 
region is 
p = p^ (exp(qv/kT) - 1) (18) 
For a P-type region, the excess electron concentration at the edge of 
the transition region is 
n = n^ (exp(qv/kT) - 1) (19) 
Here k is Boltzmann's constant, T is absolute temperature, and v is the 
voltage across the junction which will be a function of position and 
time. Equations 18 and 19 give the boundary conditions at both the 
emitter and the collector for either base region being investigated. 
Boundary conditions at exposed base surfaces will be determined by 
assuming a recombination velocity of some value, Middlebrook (15). The 
equation of this boundary condition for an N-type material expresses the 
fact that the rate of hole diffusion to the surface is proportional to 
the excess carrier density at the surface 
• D = - S • p (20) 
p on 
where ^  is the component of excess hole density gradient normal to the 
surface and S is the effective surface recombination velocity with 
dimensions of cm/sec. 
Organization of the solution 
The base current for the ungated base N2 will be electrons collected 
at the center junction from base P^ . Conversely, the holes collected at 
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from base will provide drive for the gated base The gated base 
can also receive base current from the gate terminal. Since the gated 
base for either of the devices of Figures 6 or 7 is a P-type region, the 
gate current to base 1 for switching from the high to the low 
impedance state will consist of positive carriers into the gate terminal. 
For this reason the gate current for the defined direction shown in 
Figures 6 and 7 will be a positive pulse of current for turn-on. For 
turn-off, positive charge will have to be withdrawn from the gated base 
so that will then be a negative pulse of current. The current pulse 
in both cases will be of finite length. For tum-on or for turn-off, if 
the magnitude or the time duration of the pulse is insufficient, the 
device will fail to change its state. The total base current furnished 
to the gated base will be the sum of the hole current collected at J 
from region N_ plus the gate current I . 
^ 8 
During turn-on, the base current for either base must supply several 
needs. For the emitter voltage to increase to a forward bias value, 
charge must be furnished to the emitter junction capacitance. At the 
start of tum-on the center junction is reverse biased, when turn-on 
has been achieved the center junction is forward biased. The base 
current must furnish the charge for this change in voltage for J^ . The 
excess of recombination over generation within the base must also be 
supplied as well as having to supply the majority carrier charge that 
will offset the increase in minority carriers present as required for 
space-charge equilibrium as the minority carrier concentration builds 
up during turn-on. 
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The current density equations shown as Equations 16 and 17 allow the 
total device current to be calculated when applied at the center junction 
Jg if the electric field and the excess minority carrier concentration is 
known. These equations allow the base current into base 1 and base 2 to 
be calculated if the value of is assumed known. The minority carrier 
concentration in either base can be found from the continuity equations 
if the boundary conditions specified as Equations 18, 19, and 20 are 
known. Equations 18 and 19 allow the excess minority carrier concentra­
tion to be calculated if the appropriate junction voltages are known. 
The circuit of Figure 9 will be used for both tum-on and turn-off. With 
the device in the "off" state, the center junction will be reverse 
biased with essentially the full voltage E. The two junctions and 
J „ will have a very low forward bias which will be considered to be 
EZ 
zero to give a distinct starting point. The device current will be 
essentially the saturation current of the center junction. The initial 
value of the excess minority carrier concentration in both base 1 and 
base 2 can then be approximated to get a starting point for the analysis. 
The starting point of the turn-on process occurs at the time when the 
positive pulse of current as shown in Figure 8 is applied. The 
continuity equations for base 1 and base 2 will be approximated over as 
fine a grid as desired with finite difference approximations to Equations 
14 and 15 after combining these with Equations 16 and 17 so that the 
continuity equations are wholly in terms of excess minority carrier 
concentrations. The behavior of the device can now be analyzed for the 
turn-on period by stepping forward in time using a finite time increment 
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Figure 9. Assumed circuit for transient analysis of device 
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and going through the following steps; 
1. Calculate currents at junction to get total base drives 
into either base 1 or base 2 at one particular point in time. 
Base 1 also has supplying drive current. 
2. To step forward a specified time increment, the base drive 
current is assumed constant over the time increment thus 
giving the total charge supplied to the base during this time 
step. Knowing the total charge supplied and the junction 
voltages at the beginning of the time step will allow calcula­
tion of the new junction voltages at the end of the time step 
by consideration of the necessary charge needed for capacitance 
charging, volume recombination etc., and comparing it to the 
actual amount supplied. These junction voltages are calculated 
only at discrete points. 
3. The finite difference form of the continuity equations will 
be solved by an iterative technique to get the values of the 
excess minority carrier concentration at the end of the time 
step at the intersections of the specified mesh. 
4. Return to step 1 and step forward another increment in time. 
Continue until solution is completed. 
The starting values of junction voltages, minority carrier concentra­
tion, and device currents for the beginning of the turn-off period will 
be known from the end results of the tum-on calculations just described. 
The beginning of turn-off will be at the time when the negative pulse 
of current I as shown in Figure 8 is applied. The solution for the 
turn-off process follows the same pattern just described. The excess 
minority carrier concentration of the bases will be decaying during the 
turn-off process in contrast to turn-on when they will be building up. 
The logical flow of the computer program used for the modeling of the 
devices of Figures 6 and 7 is shown in Figure 10. More detail will be 
gone into on some of the individual blocks shown on this figure. 
Base Bias Calculations 
More detail will now be gone into in regard to the two blocks 
shown on Figure 10 for base 1 and base 2 bias calculations. Each of the 
two base regions is divided into finite sized increments by constructing 
a network of variably spaced grid lines completely covering both base 
regions. The device shown is the shorted emitter device of Figure 7. 
To avoid overcrowding the sketch only base 1 is shown covered by a grid 
of horizontal and vertical lines. Exactly the same type of grid is 
placed over base 2. To simplify the computer program, both regions were 
made rectangular as shown by the two dashed lines on Figure 11. The two 
omitted regions should not have a significant effect on the analysis. 
The methods used in the various parts of the computer program are no­
where dependent on having exact rectangular regions. The assumed 
position of gate contact shown on Figure 11 is a consequence of neglecting 
the resistance of base 1 in regions away from the active base region 
between the and the regions. The vertical grid lines divide the 
horizontal width up into (IM-1) finite increments where IM is a variable 
integer. The horizontal grid lines divide the vertical height up into 
(JMT-1) finite increments where JMT is a variable integer. Base 2 has 
27 
Start 
No 
Finished? 
Yes 
Stop 
Iteration of base 1 
continuity equation 
Base 2 bias calcula­
tion 
Iteration of base 2 
continuity equation 
Base 1 bias calcula­
tion 
Calculate currents 
to get base drives 
Read in data, make 
preliminary 
calculations 
Calculate new time 
step size for base 1 
and 2 
Figure 10. Flow diagram of overall computer program 
28 
Anode 
Assumed Position of 
Shorting Contact 
E2 
j = JMT 
El i = IM 
Assumed Base 
Surface 
i = NIX 
Assumed Gate 
Position 
Cathode Gate 
Figure 11. Shorted 
assumed 
emitter device shown with grid over base 1 and with— 
rectangular base regions for the mathematical analysis 
29 
(IM-1) horizontal and (JM2T-1) vertical finite increments. The assuming 
of base 2 to be a rectangle does not arise for the device of Figure 6 
since base 2 is rectangular as it stands. 
To enable calculation of the excess minority carrier concentration 
along Jg, and from Equations 19 and 20, the voltages along these 
junctions must be known at the points defined by the vertical grid lines. 
As explained in the last section, the drive current for base 1 will 
consist of hole current collected at and whatever gate current is 
supplied. The drive current for base 2 will consist of electron current 
collected at the center junction. The equation that expresses the needs 
that must be supplied for either base by the base current in incremental 
form is 
n AV^  AV^  
= T + ITT Cc + Ge + + 1% loss (21) 
during a specific time increment At. If At is chosen sufficiently small 
then to a good approximation the base current being supplied to the 
base will be constant over that time increment. The term I , is due 
e loss 
to emitter efficiency being less than unity. The term Q/t is the 
recombination current. The second and third term represent the amount 
of current needed to supply thé charge to the collector and emitter 
capacitance to have a change in voltage of AV^  and AV^  during the time 
increment At. The term AQ/At is a measure of the base current needed to 
supply or remove majority carriers to maintain space-charge equilibrium 
as the excess minority carriers stored in the bulk base region changes. 
The capacitance terms and both are a function of the voltage 
across their respective junctions. For a step junction, an expression 
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for capacitance from Gibbons (8) is 
CCO) (22) 
(1 - v/0)^  
where v is the junction bias voltage, 0 is the contact potential, and 
C(0) is the capacitance of the junction for a voltage bias of zero. An 
expression for C(0) is 
where e is the permittivity, A is the junction area, and 1^  and I2 are 
the voltage dependent space charge layer widths into the two regions on 
either side of the junction for a voltage bias of zero. When the 
transverse variation of junction voltage of v is noted, the junction 
capacitance is seen to be both time and space dependent. 
A slice of either base 1 or 2 is now considered that is Ax wide, 
where Ax is the distance between two vertical grid lines, and centered 
on a vertical grid line. To effect a change in the old values of 
junction voltages at either end of this slice after an incremental step 
At forward in time, this slice of base must have an amount of base 
current furnished to, or carried away from, it as determined by consid­
eration of Equation 21. In any given slice, there will be a certain 
amount of base current flow into the slice due to collection at J„ from 
the other base. If the amount of base drive needed for this slice is 
more than the amount supplied from the second base, the difference must 
be supplied by a transverse flow through the active base region. If 
the amount of base drive needed for this slice is less than that 
(23) 
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supplied from the second base, the excess must be carried away by a 
transverse flow through the active base region. In either case the 
transverse flow of base current will cause a voltage variation along the 
base region since the transverse resistance of any slice is 
^ ' FT# 
where p is the average resistivity of the base, D is the depth of the 
device into the paper, and BW is the distance from emitter to collector 
of the base being considered. Transverse flow in base 1 will be very 
important during turn-on or turn-off when is being applied. Base 2 
will always have a great deal of transverse flow in the shorted emitter 
type of device. Even in the non-shorted emitter device, transverse flow 
in base 2 will occur due to the collection of drive current into base 2 
being heaviest at areas under high injection levels for emitter 1, which 
occur over an area close to the gate for turn-on and remote from the gate 
for turn-off. 
One other factor of importance here is the conductivity modulation 
that occurs when and if the minority carrier concentration reaches the 
same order of magnitude as the doping concentration. When this happens 
the increase of majority carrier concentration in the base to maintain 
charge neutrality will be a significant amount with respect to the 
magnitude of the doping concentration. Using the P-type base as an 
example, the equation for resistivity assuming low injection levels is 
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where is the mobility of holes and is the acceptor impurity 
density. The case where the injection level becomes high can be handled 
by noting that for charge neutrality the minority carrier buildup in the 
base is matched by an equal buildup of majority carriers to give a new 
value of resistivity of 
™qpp(n + = P 1 + n/N^  
where n is the excess minority carrier density. It is noted that for 
> > n p' and p are approximately the same. When this condition is no 
longer true p ' becomes less than p. 
The anode-to-cathode voltage across the device can be calculated as 
the voltage E minus the drop due to the current flowing through the 
resistor Rp,y. The voltage across the center junction can then be cal­
culated by noting that along any chosen longitudinal path through the 
device the anode-to-cathode voltage must exactly equal the sum of all 
junction voltages, with proper regard to sign, and all voltage drops 
due to majority carrier flow through the bulk material of the various 
regions. 
The routine to step forward in time by At for a given base assuming 
that junction voltages and currents across at the beginning of the 
time step are known for that base will be discussed. Before going into 
the calculation for new bias conditions the values of resistivity are 
computed for regions where conductivity modulation has become important 
and the values of junction capacitances are calculated using the known 
junction voltages that exist at the beginning of the time step. The 
values of resistivity and capacitances are assumed to be fixed at these 
calculated values for the entire incremental time step. What is needed 
at the end of the time step are the new values of junction voltages and, 
in the case where the junction voltage across has become positive, 
new values of currents across J^ . 
To proceed for the step forward in time for base 1, a value of 
minority carrier concentration is assumed at i = NIX, giving a corre­
sponding value of voltage for the emitter junction at this point. The 
voltage across the center junction is then calculated and the total base 
drive needed for this slice is found using Equation 24. The starting 
value of a variable called GIR for base 1 that represents the total 
transverse current flow at any point is found by taking the sum of the 
gate drive and the base current into base 1 from the second base for all 
slices to the right of and including the slice centered at i = NIX, and 
subtracting the base drive needed for all slices to the right of and 
including the slice centered at i = NIX. This starting value of GIR 
will be the transverse current flow through the slice centered at i = NIX 
causing the emitter voltage at (NIX-1) to differ from that at NIX by 
the product of GIR and R^  where R^  is for base 1. The base drive needed 
for the strip centered at (NIX-1) is subtracted from, and the amount of 
base current into this strip is added to, the running value of GIR. This 
process is continued slice by slice until the extreme left edge of base 1 
is reached. If the value assumed for minority carrier concentration at 
i = NIX were exactly correct, GIR would be precisely zero after all base 
strips have been accounted for. "The residue of GIR is checked and an 
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appropriate change is made in the assumed value of minority carrier 
concentration at i = NIX. The entire process is repeated until the 
residue of GIR at the left edge of the base region is as small as 
necessary for the desired accuracy. 
When new bias conditions are being calculated for base 2, the 
assumed value for the shorted emitter base is the amount of transverse 
current flowing out from under the shorted emitter while the assumed 
value for the non-shorted emitter is the value of minority carrier 
concentration at emitter 3^  ^at i = 1. The running variable for the 
transverse current flow in base 2 at any point is called RUNT. The 
procedure in base 2 is to start at the left edge and go through analogous 
calculations slice by slice until the right edge is reached where the 
residue of RUNT is compared to zero. The assumed value is changed and 
the calculations are repeated until the residue of RUNT becomes suffi­
ciently small at the right edge. 
A general flow chart of the computer program for the bias routine 
for either base is shown in Figure 12, though in actuality -two different 
programs were used for the two separate bases. Base 2 differs somewhat 
in that it is assumed that majority carrier flow is great enough due to 
the low so that longitudinal voltage drops, and hence electric fields, 
must be accounted for. The shorted emitter device will also have 
transverse electric fields due to the transverse flow of current to the 
shorting contact. 
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Continuity Equation Solution 
After the junction voltages are known for (t^  + At) the values of 
excess minority carrier concentration at the junctions at this new time 
are known. This gives the boundary conditions for the continuity equation 
for either base at (t^  + At) and the new values of excess minority 
carrier concentration at points interior to the base regions can now be 
found by stepping forward in time to (t^  + At) for the solution of the 
continuity equation. Due to the variations in the boundary conditions 
at the junctions, the continuity equation must be handled in terms of 
two space dimensions. Because of the many complicating factors such as 
the two dimensional nature of the problem, conductivity modulation of 
parts of the base region, etc., the solution of the continuity equation 
is, for all practical purposes, impossible to obtain in closed form. The 
continuity equation will be put into finite difference form. A stepwise 
solution of this finite difference form of the continuity equation will 
then be used to get numerical approximations to the values of excess 
minority carrier concentrations at finite points inside the base region 
being considered. 
Survey of iterative techniques 
Basically, there are two types of finite difference equations that 
could be considered for the type of problem discussed here. The first of 
these is the explicit method in which the value of the variable sought 
at a particular point at time (t^  + At) can be expressed completely in 
terms of known values of the variable at this point and surrounding 
points at time t^ . The solution of this type of difference scheme is 
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quite simple. The second type of difference equation is the implicit 
method which results in large systems of simultaneous equations to be 
solved at each time step which is fairly difficult. 
A basic difficulty with the explicit difference method is that when 
stability criteria for the explicit difference method is applied, 
O'Brien (20) has shovra. that the size of the time step is severely 
restricted so that an uneconomically large number of time steps must be 
made in order to insure stability. This same paper points out thaz for 
an implicit difference scheme stability is present without having to 
restrict the time step. In the book by Varga (24), the material of 
Chapter 8 is on parabolic partial differential equations which is the 
class in which the continuity equation fits. Several possible approaches 
to the solution of this type of equation are discussed, and the conclusion 
is that the most widely used methods in practice are variants of the 
alternating-direction implicit method mainly because of their inherent 
unconditional stability. 
Alternating-direction implicit mathôd~ 
The alternating-direction implicit method is attributed to Peaceman 
and Rachford (21) and requires the line-by-line solution of small sets of 
simultaneous equations that can be solved in a non-iterative way. 
Basically the step At fort^ ard in time is divided into two half steps 
each At/2 in length. First a finite difference form of the partial 
differential equation is written in which the partials with respect to x 
are replaced in terms of the unknown values of excess minority carrier 
concentration at (t^  + At/2) and the partials with respect to y are 
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replaced by known values of excess minority carrier concentration at 
t^ . This results in an expression that is implicit in the x direction 
for a given row. Each row results in a set of simultaneous equations 
that are solved row-by-row over the entire region of interest. Second 
a finite difference form of the partial differential equation is written 
in which the partials with respect to y arc replaced in terms of the 
unknown values of excess minority carrier concentration at (t^  -f- At) and 
the partials with respect to y are replaced by known values of excess 
minority carrier concentration at (t^  4- At/2). This results in an 
expression that is implicit in the y direction for a given column. Each 
column results in a set of simultaneous equations that are solved 
coIxmn-by-column over the entire region of interest. These two steps 
taken together complete one step At forward in time. This results in a 
procedure that is alternately implicit on rows for one half time step 
and implicit on columns for the next half time step, hence the name 
alternating-direction implicit method. 
Many of the symbols and techniques in the following work are similar 
to those used by Burley (3) who worked out a solution for a heat flow 
problem in terms of the alternating-direction implicit method. Th'e 
continuity equation for a P-type base will be considered first so the 
excess minority carrier concentration will be n. With reference to 
Figure 11, the two difference equations referred to in the above discus­
sion will be 
(27) 
39 
for the x-implicit half step and 
Aln'. . , - BMln'. .+Cln'. ., ^ = - An. , . 
i,]+l 1-1,J -i-BMn. . - Cn.,T . 
(28) 
for the y-implicit half step where Equation 27 and 28 must be applied 
alternately with equal sized steps. The coefficients defined in these 
ttra equations are singly subscripted variables since a set of equations 
is written for each row for the x-iteretion and for each colur.n for the 
y-iteration. For simplicity, the singly subscripted nature of these 
coefficients is not indicated in the equations. Here the primed value 
implies that this is the unlcnown value at the starting time plus a time 
increment while the unpriced values are the known values at the starting 
time. Application of Equation 27 to a row or Equation 28 to a column 
will result in a set of N simultaneous equations in terms of N unknots 
that form a tri-diagonal matrix which can be solved by use of the 
algorithm given by Peaceman and Rachford (21). For r = 1, 2, , N 
being the N nodes that appear along a given row or column the system of 
equations that result are shown below, with the subscripts shoxra. being 
values of r. 
The constant A^  is A or Al, is C or CI, is either (- B) or (- BXl) 
entire right hand side of whichever equation is being applied. The 
(29) 
depending on which equation is being applied, and is equal to the 
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algorithm for solution of the system of Equations 29 follows. 
"i = 
= Bp - ^ 'r-l (2 s r =: N) (30) 
= C^ /w^  (1 ^  r ^  N - 1) (31) 
gl -
gj. = 0>^  - r^=r-l^  ^ r^ (2 ^  r ^  N) (32) 
The solution is 
= g^  - (1 z r z N - 1) (33) 
Equations 30 through 32 are calculated in order of increasing r and 
Equation 33 in order of decreasing r. One complete iteration consists of 
two equal half steps where the first is the x-implicit half step for 
which Equation 29 is written and solved by the given algorithm row-by-
row over the entire region of interest, and the second is the y-implicit 
half step for which Equation 29 is written and solved column-by-column 
over the entire region of interest. The general flow diagram for the 
iteration program for either base 1 or base 2 is shown in Figure 13, 
though in actuality two different programs were used due to the 
differences in coefficients for the two bases. 
Finite difference form of the continuity equation 
The mesh points formed by the horizontal and vertical grid lines 
shown in Figure 11 will be the points at which the approximation to the 
exact solution of the continuity equation will be found. For each mesh 
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Figure 13. Flow diagram of continuity equation iteration program 
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point there is an associated mesh region r. . with a width of Ax and a 
^ 5 J 
height of Ay as shown in Figure 14 for an interior mesh point. In 
Figure 14, Ax and Ay are shown divided into two equal parts. This 
results when assuming a uniform mesh spacing that is a convenient, but 
not necessary, assumption. For each mesh point at which the value of 
n. . for base 1 or p. . for base 2 is unknown, the continuity equation is 
integrated over the mesh region r. .. The excess minority carrier 
 ^> J 
concentration will be known along the junctions as a result of the base 
bias calculations. 
The region of P-type base 1 will be considered first. In this 
region there is in general a concentration of minority carriers that is 
high at the emitter and low at the collector. The majority carriers 
that must be supplied to the base to maintain approximate space charge 
neutrality will also have a gradient from base to emitter tending to 
set up a diffusion flow of holes from emitter to base which would carry 
the holes away from the emitter and destroy the space charge neutrality. 
Equilibrium is reached when there is a small unbalance of charge density 
that sets up an electric field tending to cause holes to move from 
collector to emitter, and the diffusion of majority carriers in one 
direction is just canceled by the drift of majority carriers in the 
opposite direction. The small electric field is in such a direction as 
to aid the diffusion flow of minority carriers. If the majority carrier 
current density i^  is taken as zero, and the electric field is eliminated 
between Equations 16 and 17, the value of minority carrier current density 
is 
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A 
The quantity inside the bracket is seen to be unity for n < < and to 
be two for values of n > > N^ . Thus the result of the small electric 
field that arises due to the causes just discussed is to cause the 
effective diffusion constant to double for very high injection levels. 
This effect is important only at high injection levels. The value inside 
the brackets is defined as 
where g is a function of time and position. 
The result of the combination of the continuity equation and the 
minority current density equation with g present to account for high 
injection levels for base ,1 is 
If = - f- + D^V • (gVn) (35) 
n 
Here g takes care of the variation of the effective diffusion constant 
between D and 2D so that D itself can be considered a constant. If 
n n n 
the following relationships are defined 
X = LX, y = LY, t = L^ T/D^ , and X = L^ /T^ D^  (37) 
where L is the width of the device and X,Y, and T are nondimensional 
variables, the continuity equation can now be rewritten as 
= - Xn-f- V' • (gv'n) (38) 
where v' has partials with respect to X and Y. In order to get the 
finite difference approximation for Equation 38, integration over a given 
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mesh region r. is given as 
^ > j 
rr Is dXdY = rj c- WaXdY + fj" V' • (gv'n)dXdY (39) 
v O Q X V U W V 
r. . r. . r. _ 
^,2 ^,J 
If Green's theorem in the plane is applied to the final term in Equation 
39 the result is 
JY V' - (gv'n)dXdY = yj" [g^ (g g) + ^ (g g)]dXdY 
= f - s w) 
The final form is a line integral to be taken around the contour of 
r. .in such a direction that the region r. . is on the left as advance 
in the positive direction along the curve is made. 
As an illustration of the derivation of the finite difference 
equation from Equation 39, the necessary details for an internal node as 
shoivn in Figure 14 for the X-imp licit half time step will be worked out 
for base 1. The partial with respect to time term can be approximated 
as 
/ 
n. . - n. . 
u r|dXdY = " AXAY (41) 
where the primed value is the unknown value at (T^  -r AT) and the 
unprimed value is the known value at T^ . The term representing volume 
recombination can be approximated by using the average value of n. . over 
 ^s J 
the time increment AT. 
n.' , -f- n. . 
Jf (- Xn)dXdY = - X( 2 '^bAXAY (42) 
J 
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The contour integral starting at a and going in a counterclockwise 
direction around r. . gives 
n. . T - n. . 
+ Si,j( 
/ / 
n.,- , - n. . 
+ Si.j( " (43) 
If all the terms of Equations 41, 42, or 43 are gathered into the fom 
shoxra. in Equation 27, the results for the coefficients are 
(44) 
M = g,,, #. 31 = M . Mil , Cl . § 
The details on the Y-implicit difference equation for the internal node 
for base 1 will be found in Table 1. 
The X-implicit finite difference equation for base 1 will now be 
considered for a node that is on the right external surface of the base 
as shown in Figure 15. The partial with respect to time term will be 
s imply 
J # dXdY =  ^ (45) 
The next term to be considered is the volume recombination term. The 
result for this term is 
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JJ (- Xii)dXdY = - X( 2 (45) 
The contour integral is the term that is effected by the boundary 
condition at the external surface as given by Equation 20 in terms of 
the appropriate minority carrier concentration for base 1. 
 ^:g - g = g,. , r(g||,Y. ||ix) ,_.(^ ^^ jû^ )f 
/ / 
n. . . ~ n. . 
+ 'Ic 
• T * 4 AV 
x^,y AY 2 
- ^  zAY (47) 
If all the coefficients of the various terms are gathered together, the 
values for A, B, C, Al, Bl, and CI for this particular type of node are 
(48) 
2AY 
The details on the y-implicit difference equation for this type of 
surface node will be found in Table 1. 
For base 1 of the devices shown in Figures 6 and 7 there are various 
types of nodal points to handle, and the different types are assigned 
identification numbers. Table 1 shows the assigned nimibers and gives a 
description either in words or a node picture, in which an area labeled 
Table 1. Node identification and values for iteration coefficients for base 1 
Tn°M^  n A C A1 Cl M N B B1 ID No. Description 
1 
2 
4 
5 
6 
7 
8 
First 1 node 
below center 
junction 
First 1 node 
above J 
ei 
junction 
First 4 node 
below center 
jet. 
1 I 0 
0 I 0 
TYOX XOY XOY % B+S, B1 
First 7 node 
right of 
center jet. 
First 10 node 
above J 
=1 
junction 
X-Iteration: Node 1 equation as it stands 
Y-Iteration: Node 1 equation, Cl nf included in H as a known quantity 
X-Iteration: Node 1 equation as it stands 
Y-Iteration; Node 1 equation, A1 n/ included in H as a known quantity 
TYOX XOY B+S, XOY % k \ 
-Iteration: Node 4 equation as it stands 
-Iteration: Node 4 equation, Cl n/ included in H as a known quantity 
0 XOY %  ^N^  YOX B+%S B1+%S^  
1 1 YOX YOX 0 TXOY % N^  B 
0 0 
X-Iteration: Node 7 equation, A n._^  . included in 11 as a known quantity 
Y-Iteration: Node 7 equation as it stànds 
X-Iteration; Node 10 equation as it stands 
Y-Iteration; Node 10 equation, A1 nf  ^  ^included H as a known quantity 
Table 1 (Continued) 
l:t. Dese'ttlon  ^ 0 Al Cl M N B 
10 11 TYOX TYOX TXOY TXOY M, B B1 
T\1l 
11 First 10 node X-Iteration: Node 10 equation as it stands 
below center Y-Iteration; Node 10 equation, Cl n/ . included in H as a known quantity 
jet. 
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1 is inside the base region while an area labeled 0 is outside, for the 
necessary node types of base 1. For the X-iteration 
H = Ain. . , - Bin. . + Cln. (49) 
i,J-l 
and for the Y-iteration 
H = An. T . - BMn. . + Cn.,, . (50) 
1-1,J 1+1,J 
The coefficients of Equations 27 and 28 are defined in Table 1 for 
base 1 in terms of the following defined parameters: 
Sj_ = SAX/D^ , S3 = SAYj_/D^ , = AXAY^ /AI, = AXAY^ /Z 
YOX = g. .AYt/2AX, XOY = g. .AX/ZAY,, TYOX = 2Y0X, TXOY = 2X0Y 
i-,j i i,j i. 
(51) 
B = A + C + M + N, BM = B - 2M, B1 = A1 + CI - M + N, 
BMl = B1 + 2M 
For base 2, the result of the combination of the continuity equation 
and the minority carrier current density equations is 
 ^= - - iJ-pE • V(p + p^ ) + DpV • (Vp) (52) 
If non-dimensional variables are again defined 
X = LX, y = LY, t = Xj = L^ /D T . 
Xj = Lp,p/Dp, Aj = (53) 
and the continuity equation is rewritten, the result is 
A^  = - \lP - • V'p + V' • (V'p) (54) 
where the v' operator has partials with respect to X and Y. The A^  
constant is necessary so that the time variable T is the same for both 
base regions. 
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When base 2 of the device is considered, the electric field 'present 
cannot be handled in terms of the g parameter since the majority carrier 
current flow cannot be considered negligible in this relatively low 
alpha base. The only type of term for the continuity equation for the 
base 2 region given as Equation 54 that is different from the types of 
terms handled for the base 1 region is the one containing the electric 
field. This term can be rewritten in the form 
/J (- • v'p)dXdY = - Xg IT [E ' V'(p + p^ ) 
+ (P + P^ )V' • E]dXdY (55) 
Now, when v' • E is of appreciable size, it is reasonable to assume that 
the excess minority carrier concentration p is much greater than the 
equilibrium minority carrier concentration p^ . Equation 55 can then be 
rewritten as 
n (- V ' ^ P)dXdY = - \ n [^ x ax + Gy aY 
as as 
+ P + P "ô^ ldXdY (56) 
When this term is written in its finite-difference form for an internal 
node for the x-iteration the result is 
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/J (- . 7'p)dXdY = )(\, . + E, 
) 
- E ) 
The details of handling all the other terms is exactly the same as was 
done earlier for the base 1 region and will not be repeated here. 
The general form of the finite difference equations for base 2 is 
exactly the same as Equations 27, 28, 49, and 50 with n replaced by p 
since the excess minority carriers are holes in base 2. As in base 1, 
there are various types of nodes to be handled so identification numbers 
are assigned to these nodes. The coefficients of the finite difference 
equations are defined in Equation 58 and in Table 2 in terms of the 
following defined parameters: 
S2^ = SAY^/Dp, = ApAXAY^/AT, = X^^AXAY^/2 
YOX^ = AY^/2AX, XDYg = AX/2AYg, TYOX^ = 2Y0X^, TXOY^ = 2X0Y^ 
FYOX^ = 4Y02^, FXOYg = 4X0Y^, BM = B - 2M, BMl = B1 + 2M 
Table 2. Node identification and values for iteration coefficients for base 2 
JNode Node A C A1 Cl M N B Bl 
ID No. Description 
1 
2 
4 
5 
7 
8 
First 1 node 
below S.C. or 
First 1 node 
above center 
jet. 
1_ _0 
0 
0 TY0X2 
-Oil 
X-Iteration; 
Y-Iteration: 
X-Iteration: 
Y-lteration: 
TYOXo 
+Aii 
First 4 node 
below Jg 
Junction 
First 4 node 
above center 
jet 
First 10 node 
left of known 
node 
First 10 node 
node below left 
of known 
X-Iteration: 
Y-Iteration: 
X-Iteration: 
Y-Iteratlon: 
X-Iteration: 
Y-Iteration: 
X-Iteration: 
Y-Iteration: 
X0Y2 X0Y2 M /2 N„/2 TYOX2+S23+I^N ' TXOYn-MfN 
-SCJL/2 -SCJT/2 +(SCJT-SCJL)/2 i 
Node 1 equation as it stands 
Node 1 equation, Clp/ included in H as a known quantity 
Node 1 equation as it stands 
Node 1 equation, Alp^ included in H as a known quantity 
XOY2 XOYg M /2 N,/2 TY0X„+S2 +M+N TXOY2+S23 
+SCJL/2 -SCJT/2 +(SCJT-SCJL)/2 -tH-N+AMn 
Node 4 equation as it stands 
Node 4 equation, Clpf included in H as a known quantity 
Node 4 equation as it stands 
Node 4 equation, Alp^ included in H as a known quantity 
Node 10 equation, Cp^^^ ^  included in H as a known quantity 
Node 10 equation as it stands 
Node 10 equation, Cp/^^ ^  included in H as a known quantity 
Node 10 equation, Clp^ included in H as a known quantity 
Table 2 (Continued) 
l:t. De.=ripUo„ A 0 Al 01 M » 
9 First 10 node X-Iteration: Node 10 equation as it stands 
above center Y-Iteration; Node 10 equation, Alp' .included in H as a known quantity 
4„f. -jet 
10 1 TYOX. 2 TYOX2 TXOY2 TXOYg Mg Ng FYOXg+MfN FX0Y2-m-N 
+A11 -Gil +SCJL -SCJT +SCJT-SCJL 
11 First 10 node X-Iteration; Node 10 equation as it stands 
below a known Y-Iteration: Node 10 equation, Clp.' ., ^ included in H as a known quantity 
node Ln 
1 
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A = ()uAY /4) (E +E ), C = (\ AY^A) (E 
* 
^11 " ^11 " 'hP-'^ yi. ™11 " ^11 " y2 
1-1,] i,J 
SCJL = (X5AX/4) (E +E ), 
SCJT = (X.AX/4)(E E ) (58) 
The terms AM^^, and are singly subscripted variables while 
SCJL and SCJT are doubly subscripted variables. It has been assumed that 
the electric field in the x-direction does not vary as a function of y, 
but to take into account the effects of volume recombination in a wide 
base region the electric field in the y-direction is assumed to be a 
function of both x and y. 
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PERFORMANCE OF THE MA.THEMA.TICAL MODEL 
The accuracy of the finite difference solution to the partial 
differential equation is of interest and must be considered. The 
performance of this model can be discussed in terms of the convergence 
and stability of the finite difference method used. As defined in the 
paper by O'Brien_et al. (20), the question of convergence is concerned 
with whether or not the exact solution of the finite difference equation 
approaches the exact solution of the partial differential equation while 
the question of stability is concerned with whether or not the numerical 
solution of the finite difference equation approaches the exact solution 
of the finite difference equation. In this same paper truncation error 
is defined as the difference between the exact solution of the finite 
difference and the partial differential equations while numerical error 
is defined as the difference between the exact solution and the numerical 
solution of the finite difference equation. Thus the question of the 
convergence of a particular iteration scheme is related to truncation 
error caused by the finite distance between mesh points while the 
question of stability is related to the numerical errors such as round-off 
errors. 
O'Brien et al. (20) has demonstrated unconditional stability for 
the alternating direction implicit method for the general parabolic 
partial differential equation assuming constant boundary conditions and 
constant coefficients. Lees (lib) has demonstrated unconditional 
stability for the very general parabolic partial differential equation 
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+ f(x,y,u,t,|^,~) (59) 
for the alternating direction implicit method. Douglas (4b) has shown 
that unconditional stability of an iteration method also implies the 
convergence of that method with proper choice of space and time mesh 
increments. The continuity equation being worked with is of the general 
form shown as Equation 59 and thus the alternating direction implicit 
method used for the continuity equation should be both stable and 
convergent. Thus the question of convergence and accuracy will depend 
on the choice of space and time mesh increments. 
Once a particular choice of spatial mesh size is made, the accuracy 
is dependent on the time increment size. In general, for that part of 
the solution where the quantity being solved for is far from steady 
state and is varying rapidly the time increment size should be small for 
best accuracy. When the quantity being solved for is approaching its 
steady state value the time increment size can be made considerably 
larger. A precise best choice for the time increment size is very 
difficult to make, Varga (24). A conveient way to check the accuracy 
for a particular time increment at any time in the solution is to use a 
new time increment half, or some other fraction, as large as the old 
time increment and check the results obtained for both new and old time 
increments at the same point in time. This approach was used to select 
the values of the array TM(L), TMAX, and TMAX2 that was used in the 
computer program for the calculation of the time increment size for the 
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succeeding step. The rate of change of n in base 1 or p in base 2 was 
calculated and used as a basis for choosing a particular value of 
TM(L) which was then used as a multiplier for TMAX or TMAX2 as shown in 
Figure 16. The minimum size of the time increment will ordinarily be 
limited by consideration of the amount of computer time needed. The 
cost of greater accuracy as the minimum time increment becomes smaller 
will be an increase in computer time needed to carry out the solution. 
Comparison to Experimental Results 
In order to test the capability of the model to predict device 
behavior, some devices of the form shown in Figure 17 were obtained from 
Motorola, Inc. with the dimensions given in the figure. The depth of 
the device into the paper was 0.381 cm. If a comparison between 
Figure 6 and Figure 17 is made; it is noted that if the device of 
Figure 17 is divided in half as shown by the dashed line the Motorola 
device can then be analyzed by means of the computer program for the 
device of Figure 6. A 10 x 10 grid of mesh lines over each base region 
was used for both tum-on and turn-off calculations. 
Base 2, the region, is the starting material and is about 
25 ohm*cm material. The surface concentrations of the P regions are 
about 5 X 10^® and of the region is about 5 x 10^^. Using these values 
of surface concentrations, when the curves by Irvin (10) are used, the 
average resistivity of base 1 is found to be approximately 0.33 ohm-cm. 
Emitter 1, the region, has a resistivity of about 0.0066 ohm*cm while 
emitter 2 resistivity is about 0.0577 ohm»cm. The capacitances of the 
junctions of device 2 were found by measurement with a G. R. 1650 
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Start 
No Yes 
Stop 
Set AT=TEMP and 
AT2=NTM2*TEMP where 
AT2^TEMP2 
Set AT2=TEMP2 and 
AT=NTM*TEMP2 where 
AT^TEMP 
Set 
TEMP=TM(L)*TMAX 
Choose TM(L) on basis oi 
base 1 rate of change 
Calculate rate of change 
in n for base 1 
Calculate rate of change 
Ln p in base 2 
Choose TM(L) on basis 
of base 2 rate of 
change 
Set 
TEMP2=TM (L)*TMAX2 
Figure 16. Flow diagram of calculation of time increment program 
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Anode 
0.004572 cm 
0.012466 cm 
0.002032 cm 
0.00254 cm 
0.1270 cm 
0.3310 cm 
Figure 17. Schematic sketch of the commercial device 
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impedance bridge to be about 0.1085 x 10 ^  f/cm^ for emitter 1 and 
~8 2 
about 0.538 x 10 f/cm for both the center and emitter 2 junctions, 
where all these values are for the zero bias case. The values of 
2 2 2 
= 750. cm /volfsec, = 500 cm /volt'sec, = 19.43 cm /sec, and 
2 
Dp = 12.95 cm /sec were found by use of curves given by Phillips (22a). 
Since the response of device 2 is the median response of the three de­
vices, the model was set up for comparison to it. 
The circuit used for turn-on with reference to Figure 9 had a value 
of 100 ohms and an E of 20 volts. The model values used were 
Rp,y = 200 ohms and E = 20 volts with the value of doubled to account 
for the fact that the model would have exactly half as much total 
current since the actual device is twice as large. The test circuit for 
turn-on used a pulse for that was 100 ma in magnitude. The value of 
gate current used to drive the model was 50 ma to account for the fact 
that the case drive for the model would be only half as much as for the 
actual device. The response for all of the three devices for turn-on 
are shown in Figure 18 as solid lines. The model prediction for turn-on 
is shown as circled dots. The comparison between the curve for device 2 
and the model prediction is quite good. The behavior of the voltages 
VE(I), VC(I), and CJV(I) for turn-on are shown for several values of 
time as Figure 19. The minority carrier concentration for base 1 along 
the I = NIX column is shown in Figure 20 and the minority carrier 
concentration for base 2 along the I = NIX column in Figure 21, both for 
the turn-on case. 
The model was also used to predict the turn-off response of the 
25 
Commercial devices 
0 .© Model prediction 
1 1 1 1 1 1— 
0.0 0.2 0.4 0.6 0.8 1.0 1.2 
Time, (p,seconds) 
Figure 18. Model prediction and commercial devices turn-on behavior 
Device 1 
Device 2 
Device 3 
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1.0 
- 1.08 (j,s 
3 0.124 lis 
3 0.030 p,s 
Z> 0.014 |j,s 
4J 
>0.5 •• 
H 
0 . 0  
1.25 p,s 
0.0 (i 
0.6 |is 
•u 
0.27 |is 
-10 (& 
M 
0.11 as 
<) o 
-20 
1.0 
4J 
0.5 
M 
0 .0  
Figure 19. Behavior of junction voltages during turn-on, all versus 
x-direction mesh lines 
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2.04-
1.13 y,s 
X 
•g 
lo l.O-
w Qi O 
CO 
0.47 p.; 
0.06 |j,s 
0 . 0  
Figure 20. Minority carrier concentration along I=NIX column versus 
jth row in base 1 for tum-on 
1.0--
1.15 ij,s 
0.5-
0.40 [j,s 
m 
Figure 21. Minority carrier concentration along I=NIX column versus 
jth row in base 2 for tum-on 
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same three Motorola devices. The same circuit and external circuit 
parameters were used with a negative gate pulse of about 70 ma applied 
to the circuit. The model has a negative gate pulse of about 35 ma to 
account for the Motorola device being double the model device. The 
model response and the response of the three devices are all shown in 
Figure 22. The minority carrier concentration for base 1 along the 
I = NIX column is shown in Figure 23 and the minority carrier concen­
tration for base 2 along the I = NIX column in Figure 24, both for the 
turn-off case. The base 2 region caused some difficulty during the 
early stages of turn-off due to the high resistivity of this base "causing 
very small transverse currents to give a fairly large change in voltage 
along emitter 2. This problem disappears once the early stage of 
turn-off is past. 
The values of recombination lifetimes for the two base regions were 
not exactly known, the values used for the model prediction for the 
response curves shown were = 0.285 p,s for base 1 and = 2.65 (j,s 
for base 2. These values were selected on the basis of getting the 
best comparison to the response of the commercial devices. 
Commercial devices 1, 2, and 3 
O © O Model predict] 
3 
3.0 4^0 5Û0 
Time, (^seconds) 
Piguro 22. Model prcUctlon and eommor.i.l devicos tur„-o£f behavior 
m 
o\ 
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«  0 . 1  
- 0.05 
Figure 23. Minority carrier concentration along I = NIX column versus 
jth row in base 1 for turn-off 
0.10.. 
0.45 1J.S 
Figure 24. Minority carrier concentration along I = NIX column versus 
jth row in base 2 for turn-off 
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SUMMARY AND CONCLUSIONS 
The intent of this thesis was to use numerical techniques to model 
the transient behavior of a three-terminal four-layer p-n-p-n device that 
is controllable by a gate pulse of current for both turn-on and turn-off. 
The computer program written for this purpose can be used for the type 
of device shown as Figure 6 and also for the shorted-emitter type of 
device shown as Figure 7. The computer program takes into account the 
transverse variations in voltage and minority carrier concentration in 
both base 1 and base 2 of both types. It also accounts for conductivity 
modulation in the base regions as well as electric fields that occur. 
The performance of the computer program was tested by comparison 
to commercial devices obtained from Motorola, Inc. Three devices were 
tested for both turn-on and turn-off in the circuit of Figure 9 with a 
d-c voltage of 20 volts and a resistive load of 100 ohms. The computer 
model prediction and the three device curves are shown on Figure 18 for 
turn-on. The model prediction compares quite well with the results for 
device 2 for this case. The results of a turn-off test is shown as 
Figure 22 where the external circuit source and load are the same values 
as used for the tum-on test. Again the model prediction compares 
quite well with the device performance. 
The computer program developed in this thesis should be a very 
useful tool for an aid in the fabrication of devices of this type. By 
use of the model, an answer could be quickly obtained as to what result 
the variation of either a dimension or a physical constant of the 
material would have on the switching behavior of the device. The 
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relative importance of various physical parameters can also be examined. 
The insight that is gained about the functioning of this device is 
another feature of the use of a model of this type. The allocation of 
base drive for either base at any point in time is known so that the 
relative Importance of the different junction capacitances, the volume 
recombination within the base regions, and the supplying of majority 
carriers to maintain space charge neutrality can easily be seen. 
A great deal of time and effort was put into the writing of the 
computer program used to model this device. There are undoubtedly many 
improvements that could be made that would allow the program to be 
faster and more efficient in the calculations that must be gone through, 
however, the results obtained were good with the program as it stands. 
The approximate time to go through the bias calculation and the iteration 
of the finite difference equation for one base for a 10 x 10 spatial mesh 
on the IBM 360 system was about 1.2 seconds when the center junction was 
reverse biased. The time required with a forward biased center junction 
was somewhat higher. 
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APPENDIX A: DEFINITION OF COMPUTER PROGRAM VARIABLES 
The doubly subscripted arrays used in the computer program are 
listed and defined below. 
DNEW(I,J) Electron concentration in base 1 
DPEW(I,J) Hole concentration in base 2 
EYIJ(I,J) Electric field in y-direction in base 2 
IB1(I,J) Base 1 node identification number 
IB2(I,J) Base 2 node identification number 
The arrays SCJL(I,J) and SCJT(IjJ) are used in the calculation of the 
iteration coefficients and are defined in the text material. 
The singly subscripted arrays used in the computer program are 
listed and defined below. 
VE(I) Present value of emitter 1 voltage 
VT(I) Value of VE(I) for prior iteration 
VC(I) Present value of center junction voltage 
VCT(I) Value of VC(I) for prior iteration 
CJV(I) Present value of emitter 2 voltage 
CJVT(I) Value of CJV(I) for prior iteration 
EX(I) Base 2 x-direction electric field 
EY(I) Voltage difference across base 2 
CJC(I) Electron current across center junction 
CJC2(I) Hole current across center junction 
EIC(I) Electron current from emitter 1 into base 1 
CGC (I) Hole current from base 1 into emitter 1 
EJC(I) Hole current from emitter 2 into base 2 
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AJ (I) Electron current from base 2 into emitter 2 
RB(I) Base 1 resistivity 
RH02(I) Base 2 resistivity 
2 CEMl(I) . Emitter 1 capacitance (f/cm ) 
2 CCJ(I) Center junction capacitance (f/cm ) 
2 CEM(I) Emitter 2 capacitance (f/cm ) 
BN(I) Equilibrium value of base 1 electrons 
BIP(I) Base 1 majority carrier concentration 
BP(I) Equilibrium value of base 2 holes 
B2N(I) Base 2 majority carrier concentration 
TEFF(I) Volume recombination in base 1 or base 2 
BULKl(I) Majority carrier charge to base 1 to maintain space charge 
equilibrium 
BULK2(I) Majority carrier charge to base 2 to maintain space charge 
equilibrium 
PIC(L) Values of rate of change of minority carrier concentration 
TM(L) Time multiplier used to calculate time increment size 
LCI(J) Leftmost value of I in the Jth row, base 1 
LC2(J) Rightmost value of I in the Jth row, base 1 
LRl(I) Bottom boundary J value in the Ith column, base 1 
LR2(I) Top boundary J value in the Ith column, base 1 
LCCl(J) Leftmost value of I in the Jth row, base 2 
LCC2(J) Rightmost value of I in the Jth row, base 2 
LRRl(I) Bottom boundary J value in the Ith column,base 2 
LRR2 (I) Top boundary J value in the Ith column, base 2 
G(I) Multiplier of the diffusion constant^in base 1 
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All of the singly subscripted arrays A, B, C, Al, Bl, CI, BM, BMl, All, 
and Cll are used as coefficients in the iteration equations for base 1 
and base 2 and are defined in the text material. The singly subscripted 
arrays H, R, and 2 are used in the solution of the algorithm defined by 
Equations 30 through 33. Several other singly subscripted arrays are 
used temporarily in calculations, but have no permanent definition. 
The simple variables used in the computer program are listed and 
"defined below. 
B1W,B2W Base 1 width, base 2 width 
E1W,E2W Emitter 1 width, emitter 2 width 
EL,D Device width, device depth 
XN,XI Number of x-increments, size of x-increments 
YN1,YN2 Number of base 1 y-increments, number of base 2 y-increments 
Y1I,Y2I Number of base 1 y-increments, number of base 2 y-increments 
Y1I,Y2I Y-increment size. Base 1, base 2 
DT,DT2 Normalized time increment size. Base 1, base 2 
TIMEjTIMZ Normalized total time. Base 1, base 2 
FREALjRTIME Conversion normalized-to-real factor, total real time 
TMAX,TMAX2 Maximum time increment. Base 1, base 2 
TGATE Time length of gate pulse 
DIFN,DIFP Electron diffusion constant, hole diffusion constant 
TAU,TA[JP Electron average lifetime, hole average lifetime 
UN,UP Electron mobility, hole mobility 
DLN,DLP Electron diffusion length, hole diffusion length 
E1EF,E2EF Emitter 1 efficiency, emitter 2 efficiency 
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S Surface recombination velocity 
RH0jRH2 Base 1 resistivity, base 2 resistivity 
REMI,REM Emitter 1 resistivity, emitter 2 resistivity 
EXM,EYM Maximum electric field. X-direction, y-direction 
REX,E External circuit resistance, external circuit voltage 
BI Magnitude of gate current pulse 
CCl,CC2 Total device electron current, hole current 
CC,CGES Total device current, guessed device current 
TRC Starting variable used in base 2 bias calculation 
DUMY Starting variable used in base 1 bias calculation 
DDNl Base 1 value of n for check on rate of change 
DDP2 Base 2 value of p for check on rate of change 
CEMIZ Emitter 1 value of C(0) 
CEMZ Emitter 2 value of C(0) 
CCJZ Center junction value of C(0) 
CZERl Emitter 1 current density value for junction recombination 
calculation 
CZERO Emitter 2 current density value for junction recombination 
calculation 
BICH Determines accuracy of base 1 bias calculation 
B2CH Determines accuracy of base 2 bias calculation 
CFTR Determines accuracy of base 1 bias calculation for forward 
biased center junction 
CFT2 Determines accuracy of base 2 bias calculation for forward 
biased center junction 
CP2 Determines size of first increment of change for TRC or DUMY 
B1CPP,B2CPP Determines size of first increment of change for CGES for 
forward biased center junction 
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There are also many simple variables that are used for temporary calcu­
lations and so are not permanently defined. 
The integer variables that are used in the computer program are 
listed and defined below. 
IM Number of column mesh lines 
JMl Number of row mesh lines for base 1 
JM2 Number of row mesh lines for base 2 
ICjJC Mesh point of base 1 where DDNl is taken 
IC2,JC2 Mesh point of base 2 where DDP2 is taken 
NIX,IS Rightmost column of emitter 1, NIX 1 
JMT Base 1 row number for center junction 
JM2T Base 2 row number for emitter 2 
JJE2 Base 2 shorting contact row number 
KKjKKM Leftmost column number of emitter 2, KK-1 
MMLE Maximum number of iterations for base 1 bias calculation 
with center junction forward biased 
MMLE2 Base 2 counterpart of MMLE 
MPC Maximum number of array PIC and TM entries 
MAX Maximum number of iterations for base 1 or base 2 bias 
calculations 
NTM Number of base 1 iterations per base 2 iteration 
NTM2 Number of base 2 iterations per base 1 iteration 
NSE NSE 0 for device of Figure 6, NSE 1 for device of Figure 7 
NSTEP Number of overall iterations per computer run 
N0UT,N0UT2 Gives choice as to how much data is output 
LTIME LTIME 1 calculate DT and DT2, LTDE 0 read in DT and DT2 
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LINT LINT 0 skip base 2 bias if CCI is smaller than a certain 
value 
There are also many other integer variables used as indices or in 
temporary calculations that are not permanently defined. 
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APPENDIX B: COMPUTER PROGRAM 
/ C T C  N O M A P  
t  D A T A  S H O W N  I S  F U Q  S T A K T  O F  T U R N  O F F  R U N  
O C U A L E  P R t C I S r O N  S I C ( 2 0 ) t C C C l 2 0 > t V E ( 2 0 ) , v r 1 2 0 )  t V C f 2 0 )  , V C T I  2 0 )  t  
I T E M P ( 2 0 ) , E J C I 2 0 ) , A J ( 2 0 I , C J V ( 2 0 ) « C J V T ( 2 0 ) , C J C ( 2 0 ) » C J C 2 ( 7 0 ) ,  
? T £ F F < 2 0 ) , T O N ( 2 0 ) , T n P ( 2 0 ) , B U L K L ( 2 0 ) • B U L K 2 ( 2 0 ) , B I C H , B 2 C H , 0 U M Y  
C O M M O N  6 1 C , C C C , V E . V T , V C . V C T , T E M P , E J C » A J , C J V , C J V T , C J C » C J C 2 f T E F F  ,  
I  T D N f T D O f B U L K l  , 8 U L K 2  t B l C H , B ? C H , D U H Y » O N E W ( 2 0  , 2 0 Ï  t n i > f W C 2 0 , 2 0  J ,  
; F Y U ( 2 0 , 2 0 )  
C U M M O N  G { 2 0 ) ,  A l < 2 0 ) , b l  ( 2 0 )  , C 1 I 2 0 )  , T N U ? 0 )  , T P 2 <  2 0 )  ,  
1 A ( ? 0 ) , B ( 2 0 ) , C ( ? 0 ) , C H ( 2 0 ) , e M l ( 2 0 ) , H ( 2 0 ) , R ( 2 0 ) , Z ( 2 0 ) , & X ( 2 0 )  , F Y ( 2 0 )  «  
2 R B ( 2 0 ) , B P ( 2 0 ) , B 2 N ( 2 0 ) , b l P ( 2 0 ) , P C ( 1 2 ) , P I C ( 1 2 ) ,  
i T M ( 1 2 ) , R H U 2 ( 2 O ) , C C J ( 2 O ) , C 6 M ( 2 0 ) , C E H l ( 2 O ) , V 0 R O P I 2 0 ) ,  
4 B N ( 2 0  )  , B I W ,  B 2 W ,  E L ,  0 ,  X N ,  Y N l ,  Y N 2 , 0 1  F N ,  0 1  F P , S ,  T A U ,  T A U P , U N ,  U i ) , C L O S  2  
C O M M O N  F R E A L f C J M l , C J M 2 , C J H 3 , C M 1 , C M 3 , A R l , A R 2 , C C , C C 1 , C C 2 , C C O R , R E  X ,  
1 0 U , C L 0 S » T R C , & , B I , F R 2 , D T , D T 2 , T I H E , T I M 2 , R T I M £ , C O L O , C I N C , O O N 1 , D 0 P 2 ,  
2 A L P H , C L N , O L P , E E , E 2 t F , K H O , R H 2 , E l Ê F , E 2 W , E l W , C F T R , C F T 2 , C K C J N ,  T M A X ,  
3 T M A X 2  , C P 2 , C P P , V N I X , T G A T E , e X M , E Y M , R E M , R E M l , C 0 0 Q , R R R , R R R 2 , e P , E 2 N ,  
4 E 2 P , E 1 N , X I , Y 1 I , Y 2 I , A L , R 8 1 , R T R , C C 1 0 , C G E S , 8 l C P P , B 2 C P P , C Z E K l , C Z E R 0  
C  V A R I A H L f c '  I M M H M  I S  T O  B E  T H E  S A M E  A S  I M  
C O M M O N  I M M M , J M 1 , J M 2 , I M I 2 , j M I 2 , r S , J M 2 T , J M T , N T M 2 , N N N , K K , K K M , N I X ,  
I N S E , N C T 2 , N C J , N V C N X , I V K , M A X , I C , J C , I C 2 , J C 2 , J J E 2 , M P C , N T M , N O U T , N O U T ? ,  
% N S T P , N T , N 0 F F , N S T T , M M A X , L V C , M F I R S , N I T 1 , N I T 2 , N C L 0 S , M C L 0 S , N P U N , N R U N 2 ,  
3 N 3 2  
n o  2  L = l , 1 3 0 0  
2  E 1 C ( L ) = 0 . 0 0 + 0 0  
R E A D  ( 1 , 1 3 0 0 )  I M , J M I , J M 2 , I C , J C , I C 2 , J C 2 , I M I 2 , J M I ? , 1 S , J M 2 T . J M T , J J E 2 ,  
l K K , K K M , N I X t M M L E , M P C , M A X , N T M 2 , N S E , N T H , N N N , N S T E P , M M t F 2 # N O U T ,  
2 N O U T 2 » L T I M E , L I N T , N O F F , N S T T , L V C , N B 2  {mmmttim 
W R I T E  ( 3 , 1 3 0 1 )  I M , J M l , J M 2 , I C , J C , I C 2 , J C 2 , r M I 2 , J M I 2 , I S , J M ' T , J M T ,  
I J J E 2,KK,KKM , N I X , M H L E , M P C , M A X , N T M 2 , N S B , N T M , N N N ,  N S T f c P , H M L F ? , N O U T  ,  
2 N 0 U T 2 , L T I M E , L I N T , N O F F , N S T T , L V C , N B 2  
R E A O  ( 1 , 1 3  0 6 )  A L P H , D I F N , O i r P , O L N , O L P t E F , E 2 E F , R E X , R H O , R H 2 , S , X N ,  Y N l ,  
1 Y N 2 , E , E 1 E F , 8 1 W , 6 2 W , E 2 W , E 1 W , E L , 0 , U N , U P , C F T R , T A U , T A U P , T M 4 X , T M A X 2 ,  
2 B I , C P 2 , C P P , V N I X , T 6 A T E ,  E X M , E Y M , C F T 2 , C Z E R 1 , C 2 E R 0 , 1 : E M 1 Z , C E M Z  , C C J Z  
W R I T E  ( 3 , 1  3 0 7 )  A L P H , D I F N , O r F P , O L N , D L P , E E , E 2 E F ,  R F X , R H O , R H 2 , S , X N , Y N l  
i , Y N 2 , E , E l E F , R l W , B 2 W , E 2 W , E l W , E L , 0 , U N , U P , C F T R , T A U , T A U P , T M A X , T M A X 2 ,  
2 B I  , C P 2 , C P P , V N I X , T G A T E , E X M ,  E Y M  , C F T 2 , C Z E R  1 ,  C Z ( : R O , C E M I  2 ,  C F M 2  , C C J Z  
R E A D  ( 1 , 1 3 2 7 )  0 U M Y , B 1 C H , B 2 C H  
W R I T E  ( 3 , 1 3 2 8 )  D U P Y , B 1 C H , B ? C H  
K g M = ( 1 . 0 - e 2 6 F ) * E 2 w » R H 2 / 8 2 W / E 2 E F  
K £ M l a ( 1 . 0 - 6 1 b F ) « g l W * R H 0 / B l W / E l E F  
0 U U O = 2 . 2 5 F + 2 0 # 1 . 6 0 1 8 6 4 E - 1 9  
R R R = 2 . 0 « 1 1 . 7 * A . 8 5 F - 1 4  
R K R 2 « 1 U 7 « 8 . 8 5 E - 1 4  
E P s O O O Q « U N * R E M l  
E 2 N = Q Q Q Q * U P * R E M  
E 2 P = 2 . 2 5 E » 2 0 / F 2 N  
E 1 N « 2 . 2 5 E * 2 0 / E P  
B l H O = l . Q / ( 1 . 6 0 1 f i 6 4 E - 1 9 * U P » R H 0 )  
B 2 E L * 1  • 0 / (  1 . 6 0 1 8 6 4 k - 1 9 * U N * R H 2 )  
W R I T E  ( 3 , 1 3 5 3 )  E P , k 2 N , R E M , R E M  1 , E 2 P , E I N , B l h Û , B 2 E L  
Q U = l . f c O l 8 6 4 6 - 1 9 / l . 3 P 6 - ? 3 / 3 C O . O  
R E A D  ( 1 , 1 3 1 4 )  ( P C ( L  ) , P I C ( L ) , T M ( L ) , L » 1 , M P C )  
W R I T E  ( 3 , 1 3 1 5 1 ( P C ( L ) , P I C ( L ) , T M ( L ) , L = 1 , M P C )  
X I = E L / X N  
Y l l s B l W / Y N l  
Y 2 I = B 2 W / Y N 2  
A R l = X I « D  
A R 2 = B 2 W * 0  
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k Y F A C = 1 . 6 0 1 8 6 4 E - 1 9 # Y 2 I / T A U P  
0 Q 1 = 1 . 6 0 1 8 6 4 E - I Q # O I F N  
Q O = U  6 0 1  8 6 4 E - 1 9 # 0 I F P  
F 8 ^ » l  . 6 0 I 8 6 4 E - 1 0 » i ; p * A R l  
F R k A L = E L « E L / D I F N  
C J M 1 = 0 0 1 # A R 1 / Y I I  
C J M 2 = C 0 * A R 1 / Y 2 I  
C J M 3 = 0 Q 1 $ A R 1 / E 2 W  
C H 3 « C J H 3 « E 2 N  
C H l a E P » Q O » A R l / E l W  
A L = 1 . 0 - A I P H  
R 8 i » X I / O / B I W  
R T P = X I / 0 / B 2 W  
W R I T E  ( 3 , 1 3 5 3 )  C J H I  , C J M 2  « C  J ^ ' 3  t C H 3  » C M t  , R B 1 ,  R T R  
R E A D  ( 1 , 1 3 5 2 )  ( ( D N F W ( I , J ) , I = 1 , I M )  
W R I T E  ( 3 , 1 3 3 7 )  ( ( O N  E W ( I , J ) , 1 = 1 , 1 M ) , J « 1 , J  M T )  
H E A D  ( 1 , 1 3 5 2 )  ( ( D P E W ( I , J ) , I = 1 , I M ) , J = 1 , J M 2 T )  
W K I T E  ( 3 , 1 3 3 7 )  ( ( C P E H ( I , J ) f i « l , I M ) , j B l , J H 2 T )  
K E A D  (  1 , 1 3 2 5 )  ( V E (  I  ) , V C  ( 1 )  , C J V ( n  , B U L K 1 (  n , & U L K 2 (  I  ) ,  I - L ,  I H )  
W R I T E  ( 3 , 1 3 2 6 )  ( V E ( I ) , V C ( 1 ) , C J V ( I ) , 6 U l K M  I ) , e U L K 2 ( 1 ) , 1 " 1 , I H )  
K E A D  ( 1 , 1 3 5 4 )  ( A J ( I ) , k X ( I ) , E Y ( I ) , R 8 ( I ) , R H 0 2 ( I ) , T = 1 , I M I  
W R I T E  ( 3 , 1 3 5 5 )  (  A J (  1 ) ,  E X (  1  )  « E Y d  )  , R e (  I )  ,  R H 0 2  (  I  ) ,  I  ~ 1 ,  I M )  
R E A D  ( 1 , 1 3 0 0 )  I V K , N C T 2 , N C J , N V C N X , I T 1 , I T 2  
W R I T E  ( 3 , 1 3 0 1 )  I V K , N C T 2 , N C J , N V C N X , I T 1 , I T 2  
R E A D  ( 1 , 1 3  5 2 )  T R C , T I H E , T I M 2 , C C i a , C C 2 0 , C G E S , B l C P P , B 2 C P P , C C , D T , n T 2  
W R I T E  ( 3 , 1 3 5 3 )  T R C , T I M E , T I H 2 , C C 1 0 , C C 2 0 , C G E S t B l C P P , S 2 C P P , C C , O T , U T 2  
R T I M E = F R E A L * T I M E  
N I T 1 « 0  
N I T 2 « 0  
N » U N « 0  
N R U N 2 = 0  
0 0  7 5 0  N S T P = 1 , N S T F P  
C 0 L 0 « C C  
I F  ( N U U T 2 - N R U N 2 I  3 , 3 , 4  
1  N R U N 2 = 0  
4  N A U N 2 = N R U N 2 + 1  
W K I T E  ( 3 , 1 4 4 5 )  
I F ( N C T 2 )  6 1 4 , 6 1 4 , 6 1 5  
6 1 4  R E A D  ( 1 , 1 3 5 2 )  n T , 0 T 2  
M 5  I F  ( T G A T E - R T I M E )  I P , 1 8 , 1 9  
M "81=0.0 
1 9  0 0  2 5 0  N T = 1 , N T M  
I F  ( N C U T - N R U N )  8 , 8 , 7  
P  N R U N a O  
7  N R U N » N R U N * 1  
M F I R S = - 1  
C L O S = 0 . 0 2 * C G E S  
C L O S 2 = 0 . 0 2 * C G E S  
Û O t i « A R l « A L  
C  C A L C  b L E C T R I C  F I E L D S  
on  461 1=2,im 
E X (  I ) « ( C J V ( I ) - C J V ( I - l ) ) / X I  
E X H A G « A d S ( E X ( I ) )  
I h  ( E X M A G - E X H )  4 6 1 , 4 6 1 , 4 6 2  
4 6 2  E X ( I ) S ( E X H A G / E X ( I ) ) « E X M  
A 6 1  C O N T I N U E  
C X ( 1 ) = 0 . 0  
b X ( I M ) = 0 . 0  
u n  4 7 0  I « 1 , I M  
E Y ( I ) = 0 . 0  
A J I ) E N  =  A J ( I ) / A R 1  
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K T E H P a R H 0 2 ( I »  
0 0  4 6 5  L - U J H 2 T  
J » J H 2 T * 1 - L  
A J 0 b N « E y P A C « D P £ H ( I , J | 4 A J D Ë N  
E Y I J (  I , J ) — A J D E N ' R T e M P  
Y M A b " A H S ( E Y l J ( I « J n  
I F  ( Y M A G - E Y H )  4 6 5 , 4 6 6 , 4 6 3  
4 6 3  E Y 1 J (  I , J » « ( Y H A G / E Y I J ( I , J ) ) * E Y M  
4 6 5  C O N T I N U E  
0 0  4 5 4  J = 2 , J M 2 T  
4 5 6  E Y ( i ) = E Y I J ( I , J ) * Y 2 I » E Y ( n  
4  7 0  C O N T I N U E  
C C I = 0 . 0  
C C 2 - 0 . 0  
C  C A L C  Q U A N T I T I E S  A F F E C T E D  B Y  C O N D U C T I V I T Y  M O D U L A T I O N  
o n  1 4  1 = 1 , I M  
dN(  n«QOQO*UP«RB( n 
B P d l  >q0QQ * U N * R H 0 2 (  1 )  
6 1 P ( I  ) « 2 . 2 5 E * 2 0 / 8 N (n 
82N(n .2 .25E*20/BP(n 
0 4 « 0 . 0  
0 0  1 3  L " 2 , J M 2 T  
I  3  Q 4 « ( 0 P E W ( I,L4 1 ) 4 - 0 P E M (  I,Ln / Y N 2 * Q 4  
R H 0 2 ( I ) " R H 2 / ( 0 4 / 8 2 N ( I ) * 1 . 0 )  
T P 2 ( n * ( 0 4 / ( C | 4 4 B 2 N (  1 )  } • * > !  . 0 ) * T A U P  
0 5 « 0 . C  
D O  1 6  
1 6  0 5 > ( O N E W ( I , L + 1 ) * D N E W ( I , L I ) / Y N l * Q 5  
R B ( I ) * R H O / ( Q 5 / B I P ( I . 0 )  
T N I  ( I  ) » ( Q 5 / ( Q 5 + 8 1 P ( i n * 1 . 0 ) * T A U  
O Q * E X P ( - Q U * V C ( n ) ' I . 0  
D N E W ( I , J M T ) - O O » 0 N ( n  
O P E W (  l , I ) » Q Q « B P ( n  
F F C J - A L O G C  ( 6 1 H 0 * D N E W ( I , J M T n * ( B 2 E L + 0 P E W (  I , I  M / 2 .  2 5 E • 2 r ) ) / Q U  
F E k i » A L O G (  ( B l H 0 4 . D N E W ( I , i n » e i N / 2 . 2 5 E + 2 0 l / C U  
F E E 2 » A L 0 G (  ( B 2 E L « - D P E W (  I ,  J H 2 T )  )  « E 2 P / 2 . 2 5 F 4 . 2 0 ) / Q U  
Q l « V C ( r )  
O Q i «AeS(1.0* Q l /FECJ) 
0 F I V E » U 5 / B I P ( n  
I F  ( Q H V B - 0 . 0 0 0 5  »  7 0 2 , 7 0 1 , 7 0 1  
7 J 1  C P k I « C a 2 * S 0 R T ( l  . O + O F I V E )  
G O  T O  7 0 3  
7 J 2  C P R I s C C J Z  
7 0 1  C C J ( n « C P R l / S C R T { 0 0 1 )  
oi=vE(n 
Q 0 1 = A B S ( 1 . 0 - Q 1 / F E E 1 )  
C E M K  n » C E M 1 2 / S C R T ( Q 0 l  )  
olscjvd) 
O Q I s A b S ( 1 . 0 - 0 1 / F E E 2 )  
C E M { n s C E H 2 / S 0 R T ( 0 0 l )  
C J C 2 (  n « { O P E W (  1 , 2  ) - 0 P E W (  I , 1 ) ) » C J M 2  
C J C d  )  =  ( D N E W (  I , J M 1  ) - D N E W (  I  , J H T ) ) « C J H 1  
C C l = C  J C (  D K C l  
C C 2 » C C 2 ^ C J C 2 ( I )  
V T ( I ) = V E ( I )  
1 ' »  C J V T t U ' C J V U )  
W R I T E  ( 3 , 1 3 0 7 )  T N l ( N I X ) , T P 2 ( N I X )  
C C = C C 1 * C C 2  
V 0 L T 1 = - ( C C 1 0 + C C ? ) * R E % + E  
0 0  5 0 1  1 * 1  , I M  
n j l  V C T < I ) « V O L T l + F Y ( I ) - V E ( ! ) - C J V ( I )  
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C A L L  e i A S l ( M M L E )  
I F  ( M M A X - M A X ) 6 , 7 5 l » 7 5 1  
r  S T A R T  B A S E  1  I T E R A T I O N  
f ccio-cci 
call I T g P H I T l )  
. " 5 0  C O N T I N U E  
r  T U  S T A R T  S O L U T I O N , C C I  M U S T  B E A C H  A  C E R T A I N  V A L U E  T O  O K I V E  B A S F  
I F  ( L I N T )  3 0 , 3 0 * 3 3  
3J I F  ( C C l - O . 7 5 E - 0 4 )  4 8 9 , 3 2 , 3 2  
T  I ^ « 2 s T I M 6 - 2 . 0 » 0 T 2  
L I N T " !  
3  3  o n  7 4 9  N T 2 « l , N T H 2  
C C I « 0 . 0  
C C 2 « 0 . 0  
D O  4 0 2  1 * 1 * I H  
T E H P d  1 = 0 . 0 0 * 0 0  
C J C 2 (  I ) * > ( 0 P 6 H (  1 , 2  1 - 0 P E W (  I , 1 ) ) « C J M 2  
C J C d  ) « ( O N E W (  I , J M : ) - 0 N E W ( I , J M T ) ) * C J H 1  
cci«cjc( n^cci 
6 0 2  C C 2 « C C 2 + C J C 2 C 1 )  
C C - C C I K C 2  
V 0 L T 2 — ( C C 2 U * C C 1 ) * R E X 4 E  
0 0  4 0 1  I « l f I M  
4 0 1  V C T ( I ) = V 0 L T 2 * E Y (  I  ) - V E ( n - C J V C  I  )  
C L O S = 0 . 0 2 * C G E S  
M F f R S s - l  
C A L L  B I A S 2 ( H M L E 2 )  
I K  ( M M 4 X - M A X )  4 5 0 , 7 5 1 , 7 5 1  
6 5 0  C C 2 0 - C C 2  
I F  ( N 0 U T 2 - N R U N 2 )  4 6 6 , 4 6 6 , 4 6 7  
6 6 6  W k l T E  ( 3 , 1 4 3 1 1  
W H I T E  ( 3 , 1 3 4 0 )  ( A j ( n , E J C ( n , c j C 2 ( n , c j c ( n , v c ( i ) , c j v ( n , f ; x ( n ,  iey(n , 1=1 ,  im) 
W R I T E  ( 3 , 1 3 0 7 )  E Y I J ( N l X t l ) , E Y I J ( N I X , J M 2 T )  
f .  S T A R T  B A S E  2  I T E R A T I O N  
C  C A L C  N E W  V A L U E  O F  B I C P P  A N C  B 2 C P P  
6 6 7  I F  ( N C J )  4 6 8 , 4 6 8 , 4 8 0  
6 8 0  C I N C « A B S ( C C - C O L O )  
B 2 C P P = C I N C / C G E S  
I F  ( B 2 C P P - 0 . 0 l « C F T R )  4 8 1 , 4 6 1 , 4 8 2  
6 t l l  t t ; j C P P = C F T H  
4  4 ?  r i l C P P s B 2 C P P  
W R I T E  ( 3 , 1 3 0 7 1  C I N C , B I C P P , B 2 C P P  
6 6 8  C A L L  I T f c R 2 ( I T 2 )  
749 continue 
6 8 9  if (ltimf) 7 5 0 , 7 5 0 , 4 9 0  
6 9 0  C A L L  T C A L C ( N T I M E )  
1 3 0 0  F O R M A T  ( 1 7 1 4 )  
1 3 0 1  F U R M A T  ( •  ' , 1 7 1 4 )  
1 3 0 6  F O R M A T  ( 5 E 1 3 . 5 )  
1307 format (• •,5e13.5) 
1 3 1 4  F O R M A T  ( 3 E 1 3 . 5 )  
1315 format (• *,3813.5) 
1 3 2 5  F O R M A T  ( 5 D 1 5 . f i )  
1 3 2 6  F O R M A T  ( •  * , 5 0 1 5 . 8 )  
1 3 2 7  F O R M A T  ( 3 0 1 5 . 8 )  
1 3 2 8  F O R M A T  ( •  * , 3 0 1 5 . 8 )  
1 3 3 7  F O R M A T  ( *  • , 6 E 1 5 . 8 )  
1 ? 4 0  F O R M A T  ( *  * , 2 0 1 3 . 6 , 2 E 1 3 . 6 , 2 0 1 3 . 6 , 2 6 1 3 . 6 )  
1 3 5 2  F O R M A T  ( 5 E 1 5 . 8 )  
1 3 5 3  F O R M A T  ( '  * , 5 E 1 5 . A )  
83 
Wi4 FORMAT (015.et«r15*R) 
1 F U K M A T  ( •  * , D 1 5 . 8 , 4 E 1 S . A )  Iv3: FORMAT ( ' *f^Xf5HAJtn,BXf6H£JC(l)9àXf7KJC2(ÎU7Xff'HCJC(n^ 
l 8 X , S H V C (n , 7 X , 6 H C J V (n» 6 X , 5 H E X ( n « B X , 5 H F Y ( t  M 
1 4 4 S  F O R M A T  C O '  , 7 6 H *  • • • • • • • • •  S T A R T  C A L C U L A T I O N  F O R  N E X T  I T ^ - t  
l A T I O N  « • • • • • • • •  « î  
7 5 0  C O N T I N U E  751 URITE (7,1352) ((ONEW(I.J)fI«1t!M)•J-1»JMT) 
W R i T E  ( 2 , 1 3 5 2 )  I ( O P F W ( I r J ) » I » 1 » I « ) f J " I t J H ? T )  
W R I T E  (2 , 1 3 2 5 )  ( V E ( 1 ) « V C ( I > , C J V ( I ) « B U L K l ( 1 ) »0ULK2 ( 1 ) »  I " I •  I M  )  
W R I T E  ( 2 , 1 3 5 4 )  (AJ(n , E X(n , E y(I),RBU)fRK} 2(n,l* l , I H )  
W R I T E  ( 2 , 1 3 0 0 )  I V K , N C T 2 , N C J , N V C N X , I T l , I T 2  
W R I T E  (  2 , 1 3 5 2 )  T R C , T I H E , T I M 2 , C C I O , C C 2 0  , C G F S , B l C P P , B 2 C P P . C C , D T ,  D T 2  
S T Û P  
E N O  
S U B R O U T I N E  B I A S l ( M M L E )  
0 U U 6 L £  PRECISION E 1 C ( ? 0 ) , C C C ( 2 0 ) , V E ( 2 0 )  , V T ( 2 0 ) , V C ( 2 0 ) , V C T ( 2 0 ) ,  
LTEMH ( 2 0 } , C J C ( 2 0 )fAJ( 2 0 ) « C J V t 2 0 ) , C J V T ( 2 0 ) , C J C ( 2 V ) , C J C 2 ( 2 0 ) ,  
2 T 6 F F (  2 0 )  , T D N ( 2 0 )  , T 0 P ( 2 0 )  , B U L K U 2 0  )  , 6 U L K 2 (  7 0  )  , B  1 C H , B ? C H ,  O U M Y  
O U U B L E  PRECISION T C J ( 2 0 ) , T C J 2 ( 2 0 )  
COMMON EIC,CCC,VEtVT,VC,VCT,T6HP,£JC,AJ,CJV,CJVT,CJC,CJC2,T6FF, 
1TON,TDP,BULK1,BULK2,B1CH,62CH,OUMY,ONEW(20,20),DPEW(20,23), 
^EYIJ(20,20) 
C C M M O N  G ( 2 0 ) , < I ( 2 0 ) , B 1 ( 2 0 ) , C 1 ( 2 0 ) , T N 1 ( 2 0 ) , T P 2 ( 2 0 ) ,  
1 A ( 2 0 ) , B ( 2 0 ) , C ( 2 0 ) , B H ( 2 0 ) , 8 M I ( 2 0 ) , H ( 2 0 ) , R ( 2 0 ) , Z ( ? 0 ) , E X ( 2 0 ) , F Y ( 2 U ) ,  
J R R ( 2 0 ) , B P ( 2 0 ) , 6 2 N ( 2 0 ) , B 1 P ( 2 0 ) , P C ( 1 2 ) , P 1 C ( 1 2 ) ,  3TM ( I 2 ) , R H C 2 ( 2  0 ) , C C J ( 2 0 ) , C F M ( 2 0 ) , C E M I ( 2 0 ) , V 0 R 0 P ( 2 0 ) ,  
4 B N ( 2 0 ) , B 1 W , B 2 W , E L , D , X N , Y N 1 , Y N 2 « D I F N f O I F P , S tTAU,TAOP , U N , U P , C L 0 S 2  
C O M M O N  F R E A L , C J H l , C J M 2 , C J H 3 , C H l , C M ^ , A R l , A R 2 , C C , C C l , C C 2 , C C 0 R , R b X ,  
I Q U , C L O S , T R C , b , B I , F 6 2 , D T , 0 T 2 , T I M E • T I H 2 , R T I M E , C O L O , C I N C , D 0 N 1 , D 0 P 2 ,  
2 A L P H , O L N , O L P , b E , E 2 E F , R H O , R H 2 , E l t F , E 2 W , E t H , C F T R , C F T 7 , C K O N , T M A X ,  
3 T H A X 2 , C P 2 , C P P , V N I X , T G A T E , E X H , E Y M , R E M , R E M 1 , Q Q Q 0 , R R R , R R R 2 , E P , E 2 N ,  
4 E 2 P , E 1 N , X I , Y I I , Y 2 I , A L , R B I , R T R , C C 1 U , C G E S , 6 1 C P P , B 2 C P P , C Z E M ! , C 2 E R ' )  
COMMON I M , J M l , J M 2 , I M 1 2 , J M X 2 , t S , J M 2 T , J M T « N T M 2 , N N N,KK,KKM, N I X ,  
I N S E , N C T 2 , N C J , N V C N X , l V K , M A X , l C , J C , I C 2 , J C 2 , J J E 2 , M P C , N T M , N 0 U T , N 0 u r ? ,  
2NSTP,NT,NOFF,NSTT,MMAX,LVC,MFlRS,NITl ,MT2,NCLO$,Mf  LOS,NRUN,NR'JN?, 
Î N B 2  
D O U B L E  P R b C I S I C N  C H I P , 0 8 ,OREAL , D C C R , T C C l , T C C 2 , T C C , C E 1 C , C C J I , 0 U 3 1 ,  
lCElEF,GIR,TTl ,TT2,TT3,TTOP»CINC,GDIF,GORO,TOT,GMIN,SAve, 
2 E 1 0 C , T I C O , E I R C , O U  
D U « O U  
oa=bi 
T C L 1 = 0 . 0 0 * 0 0  
T C C 2 = 0 . l ) n + 0 0  
( J Z = 1 . 6 0 i e 6 4 E - 1 9 * A R l * Y l  I  
0 0  2  1 = 1 , I M  
T C J ( I ) * C J C ( l )  
T C J 2 ( I ) = C J C 2 ( I )  
T O N ( I ) » D N E W ( I , J M T )  
T 0 P ( I ) « D P £ W r I r l )  
T E M P ( I ) = D N E W ( I , 1 )  
T C C 1 « T C J ( I ) * T C C l  
T C C 2 = T C J 2 ( I ) * T C C 2  QQsO.O 
on  3  J=2,JM1 
0 0 « 0 N£W( f , J f f C C  2 Î£FF( I ) « 0 0 « 0 Z / T N I ( I )  
T C C - T C C U T C C 2  
0 K E A L « F R E A L * 0 T * 2 « 0 * N N N  
W Z Z = Q Z / » R E  A L  
o n  1 4 2  M L & » l , M M L E  
84 
I F  ( N C J )  1 4 , 1 4 , 1 3  
n  I F  I V C a v C K 0 . 3 7 5 >  1 8 , 1 2 , 1 2  
C G & S - T C C  
C r u P « C G 6 S » R E X  
G O  T O  1 6  
1 - »  C C 0 f t a T C C * P 6 X  
l" niDKsOB4'TCC2 
0 U b l a T C C 2  
I F  ( 6 1 )  7 , 7 , 6  
A  0 U U l a T C C 2 + B I  
7 MMAXsQ 
1 7  N F l R S s - 1  
0 C 0 R « 6 - C C D R  
0 0  6 5  H M > 1 , H A X  
V E ( N I X ) = D U M Y f 1 . 0 0 + 0 0  
T T l ) p a U e X P ( O U * V E ( N I X ) ) - U O O ^ C O  
T ë M P ( N I X ) « T T O P » B N ( N I X )  
G t H l 8 0 N E W ( N I X , l ) / ( 6 I P ( N t X M O N E H ( N I X ,  1 )  ) ^ 1 . 0  
E l C ( N I X ) s ( T E M P ( N I X ) * D N E W ( N l X , 2 } | * C J H l « G e M l  
C C C ( N I X » s T E M P ( N I X ) » C M l / B N (  M X )  
C c l C a ( ( V E ( N I X I - V T ( N I X ) Î / O R E A L )  « C E M I C N I  X ) » A P 1  
6 1 0 C =  (  C A B S  (  E l  C  ( N  I X )  X C C  (  N 1 X )  )  / A K 1  
I F  ( E l O C - C Z E R l )  2 0 5 , 2 0 6 , 2 0 6  
TlCD»DSORT(CZERl«Eir)C) 
F I R C « I T I C D - E 1 0 C » « A P I  
G O  T O  2 0 7  
« 0 6  E 1 R C > 0 . 0 0 + 0 0  
2 0 7  C C C ( N I X ) a C C C ( N I X ) + f c l R C  
C C J 1 * 0 . 0  
C0M6=0.0 
O O B 1 = 0 . 0  
C c l F F = C C C ( N I X )  
Glk^Oe-CFlEF-CElC 
D O  2 3  I = N I X , I M  
v c ( n  =  E Y ( n • D c c p - V E ( n i x  j - c j v ( i )  
i r  ( N C J )  9 , 9 , 8  
H  T T 0 P = Q E X P { - O U » V C { I ) ) - l . 0 0 + 0 0  
T U P ( I ) s » P ( I ) « T T 0 P  
T 0 N ( I  ) s B N ( I ) * T T n P  
T C J 2 ( I ) = ( D P B W (  I , 2 ) - T 0 P ( I ) ) « C J M 2  
T C J ( I ) = ( O N E W ( I , J M 1 ) - T D N ( I ) ) * C J H l  
c  T T 3 = ( ( V C T ( I ) - V C ( ! ) ) / D R e A L ) » C C J ( I ) * A P l  
k C B - T F « P (  I  ) » 0 Z / T N 1  ( n  +  T E F F (  I  )  
C O M P = P C B + C O M B  
C C J I « T T 3 + C C J 1  
T T l s ( T b M P ( I l - D N E H ( 1 , 1 ) + 8 U L K l ( I ) ) » O Z Z  
n O B l s T T l + D O B l  
? i  G I R a G I » - T T l - T T 3 + T C J ? ( I ) - R C B  
1 ) 0  2 0  L 1 = 2 , N I X  
I = N I X + 1 - L 1  
Vb( I»a-«i6(I)»Pei»GIP+VE(I + l) 
i t -  tVElD) 26,25,25 
? 5  V C ( I ) = E Y ( I  )  +  D C C R - V F (  D - C J V d )  
I F  ( V t ( I ) - l . 0 0 + 0 0 )  2 2 , 2 2 , 2 1  
71 I F ( N F U S )  2 7 , 2 8 , 2 8  
; • ?  U U M Y = 1 . 2 D + 0 0 * D U M Y  
V Ê ( N I X ) a O U H Y  +  l . 0 0 + 0 0  
W R I T E  ( 3 , 1 5 0 0 1  0 U M Y , V E ( N I X I  
I F  ( N C J )  6 5 , 6 5 , 4  
4  I P  ( M M - I )  6 5 , 6 5 , 5  
5  C O I F s - O . l E + 0 1  
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G U  T O  1 2 0  
2 8  N F 1 R S « 1  
C M I P » 0 . 5 D » 0 0  
0 I N C « C H 1 P * 0 1 N C  
O U M Y «  C U M Y -  D A B S  f  D 1 N C  )  
V E ( N I X ) s D U M Y « - 1 . 0 0 4 > 0 0  
G O  T O  6 5  
1 2  T T O P « 0 6 X P (  O U *  V 6 (  in - l .  0 0 * 0 0  
T E M P I  n « T T O P » B N < I )  
C C C d  ) s T T D P » C K l  
i F  ( N C J )  8 1 , 6 1 , 8 0  
8 0  T T D P » O E X P ( - O U « V C ( I > ) - 1 . 0 0 * 0 0  
T O P ( I ) = 8 P ( I ) « T 7 0 P  
T O N  ( I  )  =  B N (  n * T T D P  
T C J 2 C  n s ( 0 P E W ( I , 2 ) - T 0 P r i M ' » C J M 2  
T C J d  )  =  ( O N E W <  I , J H 1  ) - T O N (  I  )  ) * C J H l  
8 1  G L M l * n N F W (  I , %  ) / ( B l P ( n * O N E W ( I , I )  1 * 1 . 0  
E l C ( n » C T E M P (  I I - O N E H (  I , 2 n » C J H l » G E M l  
r  C A L C U L A T E  C U R R E N T  F L O W  T O  S U P P L Y  J C T  P e C O « ' « I N A T i n N  
B l O C « ( C A 8 S ( E l C n ) ) * C C C { I  ) ) / A « l  
I F  ( E I C C - C Z E R l l  2 0 0 , 2 0 1 , 2 0 1  
T I C O » D S O R T < C 2 E P 1 « F 1 0 C I  
E l K C s C  T I C 0 - E 1 0 C » « A P 1  
G O  T O  2 0 2  
/ . J Î  t  U C s O . 0 0 * 0 0  
L C C ( I » a C C C  ( I ) * E I R C  
C t l E F s C C C f  n * C E l E F  
T T 1  =  (  T E M P f  n - O N E W l I  • l ) * B U L K l  t  I  ) ) * Q Z 2  
0 U D 1 » T T 1 * 0 Q B 1  
T T 2 = (  ( V E  ( I  )-VT( I )  J / D R E A L J * C t M l ( n » A R l  
C £ l C s T T 2 * C e i C  
T T 3 » t  ( V C T t  I ) - V C (  n  ) / O K E A L ) * C C J n  ) « A R l  
C C J l s T T 3 * C C J l  
K C B = T E 4 P n  ) $ Q Z / T N 1 (  I ) * T E F F ( I  )  
C(:MB*«CB*CUHB 
G I k « G I P * T C J 2 ( I ) - T T l - T T 2 - T T 3 - C C C ( I ) - R C B  
7 0  C O N T I N U E  
y A  I F ( I V K )  3 5  , 3 5 , 3 0  
- i U  G O i F = V N I X - V E ( N [ X )  
G U  T O  1 5  
' 5  G 0 I F = G I P  
I F  C I - 1 Ï  1 0 , 1 0 , 1 5  
1 0  I F  ( O A B S { G D I F ) - B 1 C H « O U R I )  4 8 , 4 8 , 1 5  
1 5  I F ( N F I R S )  5 2 , 5 4 , 5 4  
S 2  N F I R S = 0  
C H I P » l . O D * 0 0  
I F ( G 0 1 F |  5 3 , 6 ? , 5 6  
• ^ 3  C H I P » - l . 0 0 * 0 0  
G O  T O  5 6  
5 4  I F ( G 0 K 0 « G D I F »  5 7 , 5 5 , 5 5  
> 5  I F I N F I K S )  5 6 , 5 6 , 6 0  
^ 6  D 1 N C « C P 2 « ' 0 A B S  ( C U M Y )  
G O  T O  6 0  
* > T  N F I R S « 1  
C H l P s O . 5 0 * 0 0  
O I N C » - O I N C  
A O  I F  ( O A B S I O I N C H 0 . 1 D > 1 4 » D U H Y )  4 8 , 5 1 , 5 1  
* > !  O I N C » C H I P « O I N C  
G O R O » G D 1 F  
O U M Y « û U M Y * O I N C  
V E ( N I  X ) « D U M Y * 1 . 0 0 * 0 0  
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t»S CONTINUE 
6 8  W R I T E  ( 3 , 1 4 4 2 1  M M  ,GOIF • O l N C.OUMYt V f :  ( N I  X  I  
I F  ( N O F F )  2 1 1 , 2 1 1 , 6 3  
? l l  I F  ( I - l l  4 1 , 4 1 , 4 9  
4 1  I F  { V F ( U - V E ( 2 ) I  4 2 , 4 9 , 4 9  
4 ?  I F  (VtCin 4 9 , 6 3 , 6 3  
6 " :  D û  4 0  N » l »  I  
T E M P ( N ) s O . O  
6 l C ( N ) a ( T E M P ( N ) - D N 6 W ( N , 2 )  
C C C ( N } « 0 . 0  
4 1  V £ ( N ) » 0 . 0  
W R I T b  ( 3 , 1 3 0 0 )  I  
A 3  D O  l i t  I « I S , I H  
111 v6(n*ve(Nix} 
I F  ( N C J )  1 0 8 , 1 0 8 , 6 9  
1 0 8  I F  ( M F I R S )  6 8 , 6 9 , 6 9  
f q  I F  ( V C C L V C ) I  6 9 , 6 9 , 1 4 5  
A 9  T C C 1 « 0 . 0 0 + Q 0  
T C C 2 » 0 . 0 0 + 0 0  
0 0  1 4 0  1 = 1 , I M  
T C C 1 « T C C 1 + T C J ( 1 )  
l « t 0  T C C ? » T C C 2 + T C J 2 ( n  
T C C « T C C 1 + T C C 2  
C O I F « T C C - C G E S  
C O I M « A B S ( C O I F  )  
I F  < C C I K - C L O S )  1 1 2 , 1 1 4 , 1 1 4  
1 1 2  C L U S ' C D I M  
1 1 8  C K O N « V E ( L V C ) f C J V ( L V C )  
1 1 4  I F  ( C 0 I M - C F T P « C 6 E S )  1 4 5 , 7 2 , 7 2  
7 2  I F  ( N V C N X )  1 2 1 , 1 2 1 , 1 2 0  
1 2 1  I F  ( V C ( L V C ) t 0 . 3 7 5 )  1 2 0 , 1 1 9 , 1 1 9  
U 9  C G E S s T C C  
G U  T O  1 4 2  
1 ^ 0  I F  ( M F I R S )  7  r ) ,  7 6 , 7 6  
7 3  M F l R S a O  
I F  ( C K U N )  1 1 7 , 1 1 5 , 1 1 7  
1 1 5  C < ( J N « V E ( L V C ) < - C J V (  L V C )  
C L O S a C O I M  1 I' DbLTaBlCPP«CGrS 
I F  ( C O I F )  7 4 , 1 4 5 , 7 1  
O E L T » - C £ L T  
G O  T O  7 1  
7 ^  I F  ( C D I O * C n i K )  7 7 , 7 8 , 7 8  
/ y  I F  ( M F I R S )  7 3 , 7 ^ , 7 5  
7 " )  O E L T « 0 . ^  * D £ L T  
G U  T O  7 1  
I f  M F I R S ' l  
U t L T « - y . 5 0 » 0 E L T  
7 1  C G E S » C G E S * n t - L  T  
C D I O ' C O I F  
1 ) 8  « 0 » E Y ( L V C ) > E - C K 0 N - C G E S * R F X  
go>Exp(-ou*oo )-i.o 
O a 2 * ( O N e w ( L V C ,  J H l  ï - 8 N ( L V C Î » O O n « C J M l  
I F  ( 0 0 2 )  1 4 1 , 1 4 1 , 1 4 2  
1 4 1  I F  ( M F I K S )  1 3 7 , 1 3 7 , 1 3 9  
1 3 7  I F  ( O k L T )  7 1 , 7 5 1 , 1 3 9  
1 3 9  0 6 L T « 0 . 5 * O E L T  
C G 6 S - C G F S - D Ê L T  
W R I T E  ( 3 , 1 3 3 7 )  C G E S  
M M A X « M M A X + 1  
I F  ( M M A X - M A X )  1 3 8 , 7 5 1 , 7 5 1  
87 
7 5 1  R b T U R N  
1 4 2  C Û N T I N U F  
14b  NIXL-MX 
on 47 
4 7  O N E w ( I , l  1 - T 6 M P C I Ï  
DU 160 
C J C U  ) « T C J ( I )  
C J C 2 (  I  ) 8 T C J 2 (  I  )  
ONEW(1,JHr)»TUN(I) 
I f C  O P t h (  1 , 1 | « T U P ( n  
C C I » T C C 1  
C C 2 - T C C 2  
C C - T C C  
N C J « 0  
I F  t V C d V C n  1 4 6 , 1 4 6 , 1 4 9  
1 4 6  N r . J « l  
NVCNXsO 
I h  ( V C d V C  MO . 3 7 5 )  1 5 0 , 1 5 1 , 1 5 1  
l - j i )  N V C N X s l  
l - ï l  W R I T E  ( 3 , 1 4 4 3 )  M L E , C C , C 6 E S  , C 0 1 F , C L n S , O f c L T  
b l O R « D I + C C 2  
1 ^ 9  W R I T E  1 3 , 1 4 3 0 )  V C U V C )  
1 4 S  W W I T E  ( 3 , 1 3 1 9 )  C C 1 , C C 2 , C C  
TOT»CCJUCElC*CEieF*OOOl*CCHB 
W^ITE ( 3 , 1 4 4 6 )  CCJl,C6lC,CeiEF , 0 0 B l,Cn»'8fTCT , « i r>e 
I F  (NOUT-NRUNI 4 6 6 , 4 6 6 , 4 6 7  
4 % 6  WRITE ( 3 , 1 4 2 9 )  
W R I T E  (3 , 1 3 2 1 )  ( C C C (n , E l C ( n , C J C ( I I , V E ( I ) , V C (  1» , RH (  11 , RM ( I 2  (  1) •  
I C b W d )  , C C J  ( 1 )  , C F M 1  (  I ) ,  1  =  1 ,  I M )  
I J O " »  F O R M A T  ( 1 7 1 4 )  
F O K M A T  ( •  S S H  C C I s , E 1 4 . 6 , 5 H  C C 2 S , E 1 4 . 6 , 4 H  C C s ,ei4.6) 
1  3 2 1  F J k M A T  ( •  » , 2 0 1 3 . 6 , ë n . 6 , 2 0 1 3 . 6 ,  s e n . 4 )  
1 3 3 7  F J W M A T  ( •  ' , 6 F 1 5 . P )  
1 ^ 2 9  h O K H A T  (  •  • , 4 X , A H C ( C (  I ) , 7 X , f H E l C (  I  ) , 7 X , 6 H C J C ( I  (  Î  ) , 8 X ,  
1 5 H V C (  I  » . 7 X  , 5 H P H (  I  )  ,5X, 7 H R H 0 2  (  I  )  ,  4X ,  6 H C l ^ H (  1 ) ,  4Xf * M i  L  J  (  I  ) , ' . X  ,  
^7hceml(I)) 
l'i4 2 FORMAT (• ' ,4H «•1s,I3,6H G CI Fs , 015 . 0 ,6H 0 I NC«, D" 3.1, VH )UMY«, 
10^3.16,9H Vt(Nrx)s,023-16) 
K 3 0  F O K H A T  ( •  « , *  V C  ( N I X )  I S N E R A T I V F  '  , 0 1 5 . P I  144-* FlkMAT (• '  ,5H = ,5E1 4.7 ) 
1 - 4 ' .  F r j H M A T  ( •  ' , 6 H  C C  J 1  « ,  0 1 5  .  8  , f c H  C E  1 C  =  , 0 1  5 .  8 .  7 H  f  F  Î  f  .  0  ! S .  • »  , 6 H  O O B  
1 , 0 1 ' ) . » ) , / ,  '  B A S E  1  R E C n M 8 = '  , 6 1 5 . 8 ,  *  B A S E  1  O R  I V I  N K K P T ' ) - ?  • ,  " J !  t  
i* S ' l i » P L I E D a * , E 1 5 . f l l  
: >00 F-.'tMAT (» ' ,'*015.6) 
<.# r kPTURN 
f c N O  
S U Ô < f . O U T I N E  I T F R K I T l )  
D I M E N S I O N  I B l ( 2 O , ? 0 l , L C l ( 2 n ) , L C 2 ( 2 ) l , L P l ( 2 0 ) » L » i ' ( ; > U  
U n U D L F  P P b C I S I T N  F l C  ( 2 0 1  ,  (  C C  (  ; > 0  )  ,  v e (  2 0  ) ,  V T  (  2 0 )  ,  v f  ( 2 ( n , V C T ( / 0 ) ,  
I  T E M P I  2 0 )  , E  J C (  2 0 )  , A J ( 2 0 ) , C J V ( 2 0 ) , ( ; J V T ( 2 0 Î  ,  C J C  t  ? 0  I ,  C  J C 2  f  2 0  ) ,  
< i T 6 F r(?O ) , T 0 N(20),r0 ' > ( 2 0 )  ,PULK 1  (?u )  , 8 I J L K 2  (  2 01 ,n , H 2 C » U 0 ' i M Y  
C Û H H I Î N  t l C , C C C , V E , V T , V C , V ( :  T , T 6 H a , ^ J C , A J , r j V . C J V l  • C J C . C J C ' . T E F h  ,  
l T O N , T r > P , B U L K l  , B i J L K 2 , H l C H , t t 2 C H , U U M Y , 0 N f c W ( 2 ' l , ? 1 )  • » U ' > r w (  ; j , 2 n  .  
^EYIJ(20,20) 
C L K M C N  C ; ( 2  3 )  ,  A U ? 0 )  , B U 2 0 )  , C U 2 0 )  , T N H 2 0 )  , T P ? (  ? •  )  ,  
1 A (  2 0 )  ,8(2 0 1 , 0 ( 2 0 )  , B M ( 2 0 ) , 8 M 1  (  2 0 1  , H (  2 0  )  . R  (  ? J )  ,  7  ( / ?  f) J ,  H X  ( 2 0 1  .  «  Y (  ?  j )  
^ R B ( 2 0 ) , B P ( 2 0 ) , e?N ( 2 0 ) , B l P ( 2 O ) , P C ( 1 2 » , P I C ( I 2 ) .  
J T H ( 1 2  ) , R H 0 2 ( P C ) , C C J ( 2 0 ) , C E M ( 2 0 ) , c e M l ( 2 0 ) , V O R O P ( ? n ) ,  
4 8 N ( 2 0 ) , 8 1 W , R 2 W , E L  , 0 , X N ,  Y N l  ,  Y N 2  , 0 1  F N ,  0 1  F P  ,  $  ,  T  A J J  ,  T  A U P  , U N ,  U " *  , f  >  
C C M M Q K  F  R E  & L , C J M l  , C J M 2  , t  J X 3 , C M 1  , C M 3 ,  A P I ,  A P ?  , C C  ,  C r .  1 ,  C r / ^ .  C C U f <  . K f  X ,  
l 0 U , C L C S , T R C , E . B I , F B 2 , 0 r , 0 T 2 , T î M É , T r M 2 , P T I M E , C n L D , C I N C , T J N l , 0 D P ' %  
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? A L P H , D L N , D L P $ P E . E ? E F $ R H O , R H 2 , E 1 * : F , E 2 W , E 1 W , C F T R , C F T 2 , C K O N , T M A X ,  
j T M A X 2 , C P 2 , C P P , V N l X , T G A T E , E X M , E Y M , R p M , R E M I , O Q Q O , R f t R , R R K 2 * E P » E 2 N  f  
4 E 2 P t E l N t X I , V 1 I , Y 2 I , A L , Q B l , R T R , C C 1 0 # C G E S f B l C P P , B 2 C P P $ C Z E A ! , C Z E R O  
C C H M U N  I N , J H X • J M 2 • I M I 2 . J M 1 2 » I S  » J H 2 r t J M T , N T M 2 f N N N * K K , K K H * M I X •  
I N S E f N C T 2 » N C J , N V C N X , I V K , M A X * I C » J C « I C 2 * J C 2 « J J £ 2 . M P C t N T H , N U ' J T , M 0 U T 2 ,  
2 N S T P , N T » N n F F , N S T T , H M A X  » L V C ^ M F 1 R S • N I T l , N l T 2 t N C L 0 S f M C L O S t N R U N , N R U N ? ,  
3 N B 2  
I  F  ( N  I T l )  1 0 0 0 , 1 0 0 0 , 1 0 0 5  
1 0 0 0  N I T l = l  
R E & O  ( 1 , 1 3 0 6 )  ( f 1 8 1 ( 1 »  
WRITE (3,1309) ((Ut(I,J),I«1,1M},j»!,JHI) 
R E A D  ( 1 , 1 3 1 0 )  ( L C I ( J ) * L C 2 ( J ) , J « 1 , J M I )  
W K I T E  ( 3 , 1 3 1 1 )  ( L C l ( J ) , L C 2 ( J ) , J * 1 , J M 1 )  
k E A O  ( 1 , 1 3 1 0 )  ( l R l ( n , L R 2 ( l l , l « l , l M )  
W R I T E  ( 3 , 1 3 1 1 )  ( L R l ( n , L R 2 ( I ) , I « l , I M )  
OXSL.O/XN 
0 Y I - B 1 W / 6 L / Y N Î  
Q Q » U . 5 * D Y 1  
0 J 1 » O . 5 « O X  
O A I « O C * 0 0 1  
H A 1 « 2 . 0 * 0 A 1  
T A 1 » 2 . 0 » H A 1  
S l a U 0 1 « S / D I F N  
S 2 = S 1  
SJsOO»S/niFN 
S 4 = S 3  
VJX«OQ/OX 
X O Y s O C l / O Y l  
A N f l s E L » F L / T A U / p I F N  
E N N 1 S A M K * 0 A 1  
E N N 7 « A " K » H A l  
t N N 3 « A M B » T A l  
1005 0 T 1=1.O/ O T  
EMMISI:TI«OAI 
kmm2=cti«hal 
6hm3snti«tal 
t'<ealsfo.eal*2.0*dt 
C  A E G I N  S A S E  1  Y - I T E R A T I I I N  
itlsuul 
W R I T E  (  3 , 1 3 3 6 . )  I T l  
O O M » C N E W ( I C , J C )  
0 0  1 0 0 6  l » l , I M  
OOlaO.O 
0 0  1 0 0 7  J a 2 , J H l  
100 7  W w l=UWl-nNEW( I , J )  
1 0 0 6  B U L K K  I ) « 0 Q 1  
D O  1 1 6 0  1 = 1 , I M  
L 3 = L K l ( I »  
L4%LK:(I) 
1 L « I - 1  
I T = I * 1  
C  C A L C  V A L U E S  O F  6  F O R  I  T H  C O L U M N  
0 0  1 1 1 4  J = L 3 , 1 4  
1 1 1 4  G ( J ) » O N f e W ( I , J ) / ( D N F W ( I , J ) * B 1 P ( Ï ) ) • ] . 0  
D O  1 1 5 0  J « L 3 , L 4  
J L = J - 1  
JT=J*1 
A l ( J » s O . 0  
8 M l ( J)st ) . 0  
C l ( J ) =  X O  
H (  J  » « 0 , 0  
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I t ) 8  =  I P l (  I . J )  
GU TO (20lt201.'01«204,30^*206»2c7t207«210,?10*210) 
r.'i q';i=2.o*gf j)#yl% 
A l ( J ) s G < J ) « X O Y  
C I C J ) « G < J ) » X O Y  
0c6 = wc1-fmm2+s^«"s3 
B M K  J  I s A l  (  J ) - f C l  <  J ) * Ç M M ? * Ç N N ?  
H U I « - : J W 4 * D N E W (  I , J ) 4 U L l * n N F W (  IT ,  J  I  
I F  ( l H B - 2 1  1 1 5 0 * 1 1 2 2 , 1 1 2 4  
l l ? £  H ( J ) » C U J )  « D N E W C  I . J T I ^ H C  J I  
G O  T O  1 1 5 0  
1  1 2 4  H (  J ) s A l (  J ) * D N E W (  I , J L K H ( J )  
6 0  T O  1 1 5 0  
2 u 4  0 0 1 = 2 . 0 » G ( J ) » Y C X  
A l ( J I s G ( J ) « X O Y  
C l <  J I = G U * « X O Y  
0c4=001-6mm2*s3«-s^ 
R M K  J  » a A l  (  J  » * C 1 ( J » * F M M 2 4 - E N N ?  
H ( J )«gQl« D N E W (  I L f J } - 0 U 4 * 0 N E W ( I )  
I P  ( I B R - 5 )  1 1 5 0 , 1 1 2 7 , 1 1 5 0  
1  1 : 7  H ( J ) » C 1 ( J »  • O N E W I  I , J T K H ( J 1  
G U  T O  1 1 5 0  
7 0 4  W O l « G ( J ) « Y Q X  
C 1 ( J ) = G U ) * X U Y  
0 ' J 4 s Q 0 1 - F M M I < « - S 3  
B M K J I a C U  J Ï ^ E H M I + E N N Î  + 5 2  
H ( J ) * Q Q 1 « D N E W ( I L « J ) - Q 0 4 « O N E U ( I , J )  
GU TO 1 1 5 0  
'»')7 OOl»G(JI»YOX 
0U?»Q01 
C l ( J » » 2 . 0 » G ( J ) * X 0 Y  
UU4sQCl-*-QQ2-E^'M2 
6M1(J )=ci(J ) + F M M 2 * F N N 2+S1* 5 1  
H ( J ) s Q Q l « D N E W <  I L , J ) - Q 0 4 * D N E W ( r , J ) « 0 0 2 « 0 N F W ( I T , J )  
G U  T O  1 1 5 0  
i i n  0 0 1 ^ 2 . 0 » G ( J ) » Y 0 X  
002=001 
A l { J ) s 2 . 0 « 6 ( J ) « X 0 Y  
C 1 ( J ) » A 1 ( J )  
qg5«q0l*002-emm3 
B M l ( J  »  s A l { J J  +  C 1 ( J  ) * E N N 1 * E M W ?  
H (  J } s ( j g i « D N E W (  I L * J ) - 0 0 5 « 0 N F V « (  I  , J  )  • 0 0 ? « 0 N r w  (  I  T »  J  )  
I P  ( I t f B - l O )  1 1 3 0 , 1 1 5 0 , 1 1 3 2  
i  1  ^ ' " 1  H (  J  ) s A I (  J )  « 0 N £ h (  I  , J L ) 4 " M (  J )  
G O  1 0  1 1 5 0  
1 :  3 2  H (  J ) » C U J ) « O N e u (  I  , J T ) 4 - H (  J  I  
I » ! » n  C O N T I N U E  
KISL3*1 0U=1.O/BHl(L3) 
K ( L 3 ) = C 1 ( L 3 ) * 0 0  
U02«0.0 
Z ( L 3 » = Q Q » H ( L 3 )  
O U  1 1 5 1  K = K 1 , 1 4  
( J 0 = 1 . 0 / « - R ( K - l  ) » A 1  ( K l  +  B M l  ( K  M  
K ( K ) 3 C 1 ( K ) « 0 U  
JU2=Al (KMQQ 
I  I  « i l  Z ( K ) » C C » H ( K ) + C 0 2 * 7 U - 1  )  
D N E W ( I , L 4 ) « Z ( 1 4 )  
J J J S L 4 - 1  
o n  11'j7 JJ»L2,JJJ 
J=JJJ*L3-JJ 
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1157 ONEHt lfJ)«R(J)«DNEW(!,j4>l)4-Z(J) UfeO CONTINUe 
C cNO OF Y-ITERATION FOR BASE I 
C START OF X-ITERATION FOR BASE 1 
00 1190 
Ll-lClIJ) 
12-IC2{JI 
JL-J-l 
JT.J*1 
0» 1161 I«LI,L? 
UM G(I)«ONEW( I«J)/(R1P( lUON&UdvJ} )*1.0 
00 1175 I>LlfL2 
IL«I-1 
IT-l+l 
A(n>o«o 
B(n>o.o 
CU)»0.0 
M(I)"0.0 lUb-lBU I«J) 
GO TD (3Olr3Ol«3Ol»aC4,304«3O6tiO7,3O7,310i3lO*llO)«IHB 301 c( n«?.o«G(n«vnx 
Ol92«G(I)*XOY 0Q3mQC7 
8(11»C(I)+FHH2+ENN2+S3*S3 
GO TO 305 
^06 A(U = 2.0#G(1)*Y(1K Q02«G(n*X0Y QQ3*Q02 8(1 »»A(n*EMM2*ENN?+S?*S3 
.-05 WW4=L)Q24"Q03-FMM2 
H( nsC02*ONEW( I,JL l-004*0Nrw( 1,J }4-QQ3*0NFM(I,JT) 
GO TO 1175 106 Atn»G(I)*YOX 
UQ3=G(n*XCY fld ) = A(n*£MMl*ENNl+S3 
0u4e0g3-emml-fs2 
H(I)=-0O4*0NEW(I,J)+003*0NEW(I,JT* 
GO TO 1175 307 A(n»C(n»YOX 
0Q3«2-0«G(I)»X0Y 
C(I)sA(I) 
H(I(I)+C(I)+F4M2+ENN2 
00tsoo3-fhh2 
H ( 11 s-.304»0Neh( I, J )+O03*0NFW( I » J T ) 
IF tIBB-7) 1175,1175,1171 1171 H(naAÎI)»DNtWC IL,J I) 
GO TO 1175 310 A(I)»2.0«G(n*YUX 
g02«2.0«G(1)«X0Y 003«iJ02 
c(i)"A(n 
e(n=a(nfc(i )^fmm3*fnn3 
0C4«0G2+0Q3-EMMl 
H( I )«OQ2*0NEW( I,JL)-004*UN{;W( 11J ) •003*C*NEh( I , J T ) 
117b CONTINUF . 
K2»L1*1 
oosuo/artu 
R(L1)«C(L1)*QQ Q02-0.0 
Z(L1)«Q0*H(L1) 
on 1176 K«K2»L2 
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00=l.0/(-R{K-l)*A(KKe<KJ » k(k)«c(k )«0q 
g02«a(k)"qq 
1176 ?<K)»W««HtK)*002*7(K-l ) 
DNl;W(L2»J}»ZU7l 
I  II«L2-:  
OM i iaa n»Li #ii i i = n I 
1133 UN&w( I«J)8R(I )*ONewn*l$J)+Z( I ) 
IF (NCUT-NRUN) 466,466,11^0 
466 W%ITE (3,1336) J,(CNEW(I,J) , I« l , IH) 
f OUTPUT CTR JCT VALUES 
IP (J-JMl l  1190,119?,1192 
1192 WRITE (3,IU6) JHT, ( ONEU ( I «JMT ) , I >1 , I** ) 
1190 CONTINUE f. END OF X-ITÉRATION FOR BASF 1 
DO 1194 I«1,IM Q01*0.0 00 1103 J-2,JHl 
1193 QQl 'ONEWd *J)4@Q1 
1104 BULKK n»BUUl(IKQQl 
TIMfc«TIM6*2.0»CT 
f tTIME«FR£At»TIMF 
WRITE (3,1341) DT,TIME,RTIME 
130A FORMAT (1013) 
U09 Format (• ••ion) 
mo FORMAT (213) 1311 FORMAT (• *,213) 
1334 FORMAT ( •  • ,21H8ASr 1 ITERATION NO ,1?) 
1336 FURMAT ( •  ' , I3/( '  • ,5F14.6))  
1341 FORMAT (• SSH 0T=,E14.6,13H TOTAL TI HE«, E14.6,1 7H rUTM REAL TI lMt«,ei5.8) 
RbTURN 
bNO 
SUdkOUTINE RIAS2(MMLE2} 
OnUBLr PRFCISICN EIC(20) ,CCC{ 20 )  ,  V»^ (  20 ) ,  VT <2 0)  ,VC (?0 ) ,  VCT (  20 )  ,  
1T£MP(20J,fcJC(20),AJ(20),CJV(20),CJVT(20,CJC(?0),CJC2(20),  
2TEFF<?0),TON(20) ,TOP(2O) ,BULK! (20 )  .BUL K2 (  201 ,  BICH, B?CH, O'IMY 
OOUriLE PRkCISlCN DRHn2(20),PBMP(20) 
CCMMON FIC,CCC,V£,VT,VC,VCT,TFKP,CJC,aj,cjv,CJVT,CJC,CJC?,TEFF, 
lTUN,TOP,BULKl ,BULK2 #B1CH,B2CH,OUHY.ONf-W( ?0,20) ,DPPW (20, ?.1) ,  
2EYIJ(20,2G) 
CUMMON G(20)« Al(20} ,e i  (20) ,Cl(20) iTNU^0),TP2(2QU 
IA(20),B(20) ,C(20),BM(20),RM1(20),H (20), f i (20 ) ,2(20 ) ,EX(^0>,EYf2 0 »• 
2RB(20},RP(20),62N(20) ,e iP( 20),PC( i ;^) ,PIC(I2),  
3TM(12),RH02(20),CCJ(20),CeM(20),C6Ml(?0),V0ROP(20)t  
4aN(20) ,BlW,B2ta,EL ,n,XN,YNl ,YN2 • lU FN ,01FP, S,  TAU,TAUP ,C LOS "» 
COMMON FREAL,CJM1,CJM2,CJM3,CM1,CM1,AP1,AP2,CC,CC1,CC2,CCURX, 
10U,CLCS,TRC,Ef RI ,FB2»DT,OT2*TlMt,TIM?,PTIMF,COLn,C!NC.DD^UDOP^ 
;>4LPH,0LN,DLP,EE,E?FF,KH0,RH2,fc lF^, fe2M,FlW,CFTR,CFT?,CK()N.THAX, 
iTMAX2,CP2,CPP,VNIX,TGATE,EXH,FYM,PFM,REMl,00Q0,RRR,RRH;' ,HP,F2N, 4E2P ,61N,XJ ,Yl UY2!,AL,KBl,RTR,CCH3 ,CObS,BlCPP ,b?CPP ,L iEHl.C7ran 
COMMON IH,JM1,JM2, JMI2,JM12«IS,JM;>T,JMT,NTM?,NNN,KK,KKM,NrX, 
1NSE,NCT2,NCJ,NVCNX,IVK,MAX,fC,JC,IC2,JC2,JJE2 ,MPC,NTM,NUUT,NUWT?, 
2NSTP,NT,N0FF,NSTT,MMAX,LVC,MFlRS,NlTl ,NlT?,NCLCS,MCLnS,N.<UN,NRIJM?, 
3Nt i2 
OUUBLE PRECISION CCCJ,CCEM,CAJ,CCQB,0RC,0Q1,Q02,003,00,CLEI,  
IRUNT, DELL, OlDP,EDC,TCO,ERC,nEMP,CHUP, 005, RCB ,C0M82,OZ,UZZ ,QO6, 'JO?, 
20CAP,RZZ ,DU 
DU*OU 0Z«U6Cl B64E-19» At»l«Y2I 
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trea2«pr6al*nt2«2,0 OCAP«ARl/TR6A2 QZZ»Q2/TRE&2 
00©»-F82»£YIJ( I.JM2TKCJM2 Q07«CJ^?*0P£k(l,JM2) 
UO 51 0*H02tn»RTfl«ftHn?n> 
PCMP(I).OPEW(I,JM2T) 
TFMP(I|«OPEX(I.JM?T) 
00>0«0 
on bO J"2$JM2 
*30 QO«OPPW(I*J|<*-QQ 
SI TeFK r )-Qg«QZ/TP2(M 
ORC-TRC 
MFIHS*-! 
00 462 MLE-if F2 
MMAX-0 
CJV(KKM)«0.0 
NFlPS — 1 
IF (NCJ) 73,73,70 1 h (VC(LVC)*0.979) 72,71,71 
71 CGhS»CC 
7? CCCP«CCFS«ftEX 
GU TO 74 
73 CCDR«CC»RFX 
74 O05«fc-CC0R 
00 100 
CUMR2sO.OO«-00 
ip (nsn 156,159,81 
: 9A T«:MPCi)«nftC 
CJVd )«<DL0G(TEMP(1 )/BP( 1) *1 .00*00) )/0U 
fcJCCl >a{T£MP{ 1 )-1)PFW(1,JM?TJ î»CJM2-FP7«£YI J( I, JM?T )»TFmp< % ) 
vcti)»Q05*sya)-vEU)-cjvi i> 
iF (NCJ) ?02,2C?,20I 2 Jl Ql)=U&XP(-OU#VC(l) )-!.00400 
npfw(i,i)«ftp(i)«oo 
nNCw(1,JMT)=BN(%)*»D 
CJC2{I )«(0PEW{1,2)-0PEW(I,1))»rj«? 
CJC(1)=(ONEW(1,JM1)-ONFW(I.JMT)I«CJHl 
202 A J ( 1 ) »CM3* T£M P ( I) /hi' ( 11 
EUC>(CABS(EJC(1))+AJ(1))/AR) 
IP (ECC-CZERO) 40,4),61 40 0EMP*UA8S(EDC) 
TCD«OSQRT i CZFPO*t)t-MP) fcRC»(TCO-EOC)«ARl 
GO TO 42 
£«1*0.00*00 
t'y ^ cnou» (TEMP(l»-PhMP(l )*BULK2(l ) )*QZ/ 
KK«? 
AJ( U "AJ(n*ERC 
CAJ«AJ(1) 
cccj«(vcT(I )-vc(1 ) )»ocap«rcj(1) 
CC6M«(CJV(l)-CJVT(l))#DCAP*CEM(l) 
C0MB2«T6MP(1)*0Z/TP2(1)*TEFF(I) 
RUNT%CCCJ*CCEM+COQB*CAJ*COMK2-CJC(I) 
SCC»0.0 8?RR«O.0 
on S21 I»1,NIX 
921 A2l>H«CJCfn*B20R 
GO TO 159 
PI KUNT»ORC 
œ j> vT- in m 
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o u  T O  5 0 9  
5 0 8  0 0 2 « ( T E M P * 1 1 - P E M P ( 1 ) * 8 U L K 2 ( I U ^ Q Z Z  
5 0 9  C O q 8 " O U 2 * C O Q m  
@ Q 4 «  (  V C T (  1  # - V C ( I  )  ) « O C A P * C C J a  I  
C C C J « C Q 3 < C C J  
ajn)-aj(n4>epc 
C A J a A J d K C A J  
R C 8 " T E M P < %  ) * O Z / T P ? ( I M T E P F (  1 1  
C 0 M A 2 - P C B ^ C 0 M » 2  
Q O « C O U 0 0 2 « Q 0 3 ^ A J  (  I  ) t R C B - C J C I  1  )  
IF (NtX-1) 86«8R,fl6 
B 8  C L E l ' R U N T ^ O O  
A 6  R U N T # R U N T * @ 0  
f l 7  C O N T I N U E  
I F  ( 0 A S 5 ( R U N T ) - B 2 C H « C C I )  1 0 5 , 1 0 5 , 1 0 8  
1 0 8  I F I N F I R S )  9 0 , 9 2 , 9 2  
9 0  N F I R S - 0  
C H 0 P " 1 , 0 0 * 0 0  
I F ( R U N T )  9 4 , 1 0 5 , 9 1  
9 1  C H O P # - 1 $ 0 0 * 0 0  
6 0  T O  9 4  
9 2  1 F ( 0 L D R » R U N T )  9 5 , 9 3 , 9 3  
9 3  f F ( N F I R S )  9 4 , 9 4 , 9 6  
9 4  0 E L L " C P 2 $ D R C  
6 0  T O  9 6  
9 5  N F I R S - 1  
C H O P " 0 . 5 D * 0 0  
D E L L — D E L L  
9 6  I F  ( R U N T )  9 9 , 8 9 , 8 9  
9 9  I F  ( O A B $ ( D E L L ) - 0 . 1 0 - 1 4 « O R C )  1 0 5 , 8 9 , 8 9  
6 9  D E L L > C H Q P « O E L L  
O L D R - R U N T  
D R C " D E L L * O R C  
1 0 0  C O N T I N U E  
1 0 5  W R I T E  ( 3 , 1 4 4 4 )  H H , R U N T , C L E I , D R C , D E L L , C J V ( 1 )  
I P  ( N O F F )  6 0 2 , 6 0 2 , 6 0 0  
6 0 0  L » N I X - l  
I F  ( C J V ( N I X ) - C J V ( L ) )  6 0 2 , 6 0 2 , 6 0 1  
6 0 1  C J V I N I X ) « C J V ( L )  
0 0 * D £ X P ( 0 U * C J V ( N I X ) 1 - 1 . 0 0 * 0 0  
T F H P ( N I X ) * B P ( N I X ) « 0 0  
6 0 2  0 0  1 0 6  I « 1 , I M  
1 0 6  D P E W (  I , J M 2 T ) » T E H P ( n  
I F  ( N C J )  4 0 5 , 4 0 5 , 4 0 9  
4 0 5  I F  ( M F I R S )  4 0 6 , 4 0 9 , 4 0 9  
4 0 6  I F  ( V C ( L V C ) )  4 0 9 , 4 0 9 , 4 5 6  
4 0 9  C C 1 « 0 . 0  
C C 2 » 0 . 0  
0 0  4 4 0  I " 1 , I M  
C C 1 - C J C (  D - f C C l  
4 4 0  C C 2 * C J C 2 f I M C C 2  
C C » C C l t C C 2  
C 0 I F m C C ~ C 6 E S  
C O I M - A f l S ( C O I F )  
I F  ( C 0 I M - C L 0 S 2 )  4 1 2 , 1 1 0 , 3 1 0  
4 1 2  C L Û S 2 - C 0 1 M  
C K C N > V E a V C ) * C J V ( L V C )  
3 1 0  I F  ( C D I M - C F T 2 » C 6 E S )  4 5 6 , 4 1 6 , 4 1 6  
4 1 6  I F  ( N V C N X )  4 1 7 , 4 1 7 , 4 2 0  
4 1 7  I F  ( V C f L V C ) * 0 . 3 7 5 )  4 2 0 , 4 1 8 , 4 1 8  
4 1 8  C 6 E S » C C  
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G U  T O  4 4 2  
4 ? 0  I F  ( M F I R S I  4 2 1 , 4 3 0 , 4 3 0  
4 2 1  M F I R S - O  
I F  ( C K O I )  4 2 8 , 4 9 6 , 4 2 8  
4 2 6  C K C N « V E C L V C U C J V { L V C )  
C L 0 S 2 - C 0 I H  
4 2 m  0 e L T « 8 2 C P P * C G E S  
I F  ( C C I F )  4 2 3 , 4 5 6 , 4 3 6  
4 2 3  0 E L T « - 0 6 L T  
G O  T O  4 3 6  
4 ? 0  I F  ( C O I U » C O I F )  4 3 3 , 4 3 1 , 4 3 1  
4 3 1  I F  ( M F I R S I  4 2 1 , 4 2 1 , 4 1 5  
4 3 5  0 E L T « 0 . 5 » 0 E L T  
G O  T O  4 3 6  
4 3 3  M F l H S - l  
0 Ê L T « - 0 . 5 0 « Û t L T  
4 3 6  C G 5 S - C G E S f 0 6 L T  
C O I O - C O I F  
4  3 8  0 a » B Y ( L V C ) + Ê - C K U N - C 6 Ê S * R E X  
U Q 1 * E X P { - 0 U * Q 0 ) - 1 . 0  
Q Q 2 - ( C N E W ( L V C ) - B N ( L V C ) * Q Q 1 ) « C J M 1  
I F  ( 0 0 2 )  4 4 1 , 4 4 1 , 4 4 2  
4 4 1  I F  ( M F I R S )  4 4 3 , 4 4 3 , 4 4 5  
4 4 3  I F  ( O E L T I  4 3 6 , 7 5 1 , 4 4 5  
4 4 5  0 E L T » 0 . 5 » D B L T  
W K I T E  ( 3 , 1 3 3 8 )  M L E , C G E S , D E L T  
C G F S - C G E S - O E L T  
W R I T E  ( 3 , 1 3 3 7 )  C G F S  
mmax"mmax*1 
I F  ( M M A X - M A X )  4 3 8 , 7 5 1 , 7 5 1  
7 5 1  R E T U R N  
442 C O N T I N U E  
466 N C J » 0  
I F  ( V C ( L V C ) )  4 5 8 , 4 5 8 , ^ 5 9  
4 5 8  N C J « 1  
N V C N X B O  
I F  ( V C ( L V C ) + 0 . 3 7 5 )  4 7 5 , 4 7 6 , 4 7 6  
4 7 5  N V C N X a l  
4 7 6  W R I T E  ( 3 , 1 4 4 3 )  H L F , C C , C G E S , C 0 I F , C L 0 S 2 , T E L T  
I F  ( S C O  4 8 0 , 4 8 0 , 4 8 1  
4 8 0  » ? O R « C C I  
G O  T O  4 8 2  
4 8 1  f l 2 0 K « C C l - S C C  
4 d 2  W R I T E  ( 3 , 1 4 3 0 )  V C ( L V C )  
4 y 9  V O k U P ( N I X ) — E Y ( N I X ) f V E ( N I X ) 4 C J V ( N I X ) * V C ( N I X )  
W R I T E  ( 3 , 1 3 2 0 )  C C 1 , C C 2 , C C , V D R O P ( N I X )  
I F  ( N S E )  4 9 0 , 4 9 0 , 4 8 1  
4 9 0  O O S C C C J * C C E M * C A J + C C O B > C O M B ?  
GO TO 49? 
4 < 9 1  U O = C C C J * C C E M * C A J * C O Q b + O R C * C C M B ?  
492 TRCAOOC 
W R I T E  ( 3 , 1 4 4 0 )  C C C J , C C F M , C A J , C D O H , O R C  
W K I T E  ( 3 , 1 4 4 1 )  C 0 H B 2 , O 0 , B ? r R  
1 3 5 0  F O R M A T  ( •  • , 3 0 1 5 . 8 )  
1 3 2 0  F O R M A T  ( •  S S H  C C I »  , E 1 4 . 6 , 5 H  C C 2 = , E 1 4 . 6 , 4 W  C C a , Ç l ^ . . 6 .  
1 2 2 H  A N - T O - C & T H  V O L T  O H O P « , E 1 4 . 6 )  
1 3 3 7  F O R M A T  ( •  * , 6 6 1 5 . 8 )  
1 4 3 0  F O R M A T  ( •  V r ( N I X )  I S  N E G A T I V E  « , 0 1 5 . 8 )  
) 3 3 8  F O R M A T  ( •  ' , I 4 , 2 E 1 5 . 8 )  
1 4 4 0  F O R M A T  ( •  * , 6 H  C C C J « « 0 1 4 . 6 , 6 H  C C E M = , 0 1 4 . 6 , 5 H  C A J a , 0 1 4 . f , 6 H  C D O l "  
1 1 4 . 6 , 5 H  O R C « , 0 1 4 . 6 )  
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1 4 4 1  FURH4T (• «F* B A S E  2  RFCOMP*.* , E 1 4 . 4 ,  «  B A S E  2  D R I V b  N E E D E D # *  , 0 1 5 . 4 ,  
1 *  S U P P L I F D » * • F 1 5 . 8 )  144: FOAMAT (' S5H 4Le = ,n,9FI4.7l 
1444 FiHMAT (• RUNTs*,ni4.7,» CL6l'Sn23.1ft» • O-lCx», 
10? j . l b , '  0ELL«»»U?3.1tof/,• CJV ( l)*»,u;3.16) 
4 S  T U R N  
enr 
S U B R O U T I N E  I T Ê R 2 ( I T 2 )  
O M Ê N S I O N  I B 2 C 2 0 . 2 0 » . L C C l ( 2 0»fLCC2 ( 2 0).LR« l C 2 0 K I  RR2 ( ? 0 )  
D I M E N S I O N  ALI( 2 0 )TC1 1 ( 2 0 ) • S C J L ( 2 0 * 2 0 ) » S C J T ( ? 0T2 0 )  
DilU&LÊ PRECISION t If (?0). CCC ( 20J • VEC 20 ) .VK ?0I •VCC20I •vr.r(20», iTPMP(2n),EJC(20),AJ(20).CJV(20),CJVT(?0)»CJC(20),CJC2(2U), 
^TkFFf?0).T0N(20I•TDP(2UI.BULKl(20)»BULK2(20),6ICH»B2CH,D'I^r 
LuMMUN ÊlCfCCC»V€,VT.VC,VCT,TEMP»EJC,AJ,CJV.CJVT,CJCfCJC?,TEFF, 
IT0N,TnP,8ULKI tPULK;-«BlCH,R2CHf0U^Y»0NlTW(20,20) ,UPEW(20f20 ), 
2éYlJ(20,20) 
L L M M O N  6 ( 2  0 » . A l ( 2 0 ) t H I ( 2 0 1 » C I < 2 0 I , T N 1 ( ? 0 ) • T P 2 C 2 0 ) .  
1 A ( 2 0 ) $ B ( 2 0 ) , C ( 2 0 l,nM ( 2 0 ) , 6 M l ( 2 0 ) , H ( 2 0 ) , R ( 2 0 ) , Z ( 2 0 ) , E X ( 2 J ) , E Y ( 2 0 ) ,  
^ R B ( 2 0)fRP ( 2 0 ) » e 2 N ( ? 0 ) , e i P ( 2 0>*PC( I?)fPIC ( 1 2 i ,  
? T M ( 1 2 ) , R H 0 2 ( 2 0 ) , C C J C 2 0 ) « C £ K ( 2 0 ) , C b M l ( 7 0 ) , V O f t n P ( ? 0 ) •  
4 B N ( 2 Û I • B I W , B 2 W , E L , n , X N , Y N l , Y N 2 , 0 1  F N , O I F P , S f T A U . T A U P t U N t U » , C L O S ?  
C C M M O N  F A E A L , C J M l , C J M 2 , C J M 3 , C M l , C M 3 , A R l , A ? 2 , C C , C C l $ C C 2 , C r n R , R E X ,  
10U » C L 0 S , T f t C . k , e i  #rB2 » O T , O T 2 , T I M f c , T l M 2 » R T l M 6 , C O L O , C l N C , D O N U O O P ? »  
2 A L P H , C L N , D L P » F f ' , t 2£F , l i H O , R H 2»61EFfF2W , 6 1 W » C F T R,CFT2 , C K O N ,  T M A X ,  
• i T . ^ A X 2 » C P 2 , C P P . V N t X t T G A T f c , E X f « , E Y M , R E M , M F M l  , Q 0 0 0  r R R P  . R K « 2 1  E ? N ,  
4 E 2 P , E l N t X I f Y l I , Y 2 I , A t , R B l » R T R * C C I U . C G £ S « B l C P P f B 2 C P P , C / E K l • C Z E K H  
C O M M O N  I H , J H I , J M 2 , I H I 2 f J M I 2 f I S t J M 2 T , J M T t N T M 2 f N N N , K K » K K N , N l « ,  
l N S E , N C T 2 » N C J f N V C N X , I  V K , H A X , I C f  J C f  t C 2 , J C 2 «  J J ( : 2 f M P C « N T M , N 0 i J T « N U U T 7 «  
2 N S T P , N T , N Û F F , N S T T , M M A X , L V C , M F I R S , N I T 1 , N I T 2 $ N C L 0 S , M C L 0 S , N R U N , N Q U N ) ,  
J N B 2  
I F  ( N I T ? )  600,600,605 6i)'J N I T 2 » l  
R E A O  ( 1 , 1 3 0 8 )  ( ( I B 2 ( I , J ) , 1 = 1 , I M ) , J = 1 , J M 2 )  
W ^ I T E  ( 3 , 1 3 0 9 )  ( ( I B 2 ( I , J ) , I s X f I H ) , J > I , J H 2 )  
K T A U  ( 1 , 1 3 1 0 )  ( L C C 1 ( J ) , L C C ? ( J ) , J > J M I 2 . J N 2 )  
W R I T E  (3,1311) (LCC1( J»,LCC2( J ) , J » J M I 2 , J M 2 )  
KbAO ( 1,1310) (IRAKI),LRR?(r),I*IHI2,IM) 
W R I T E  (3,1311) ( L P k K I  ) , L k R ? ( ï ) , ! ' I M I 2 , I M )  
D X = 1 . 0 / X N  
D Y 2 « B 2 W / E L / Y N 2  
A M Q 1 = E L * E L / T P ? ( N I X ) / C I F P  
A M 8 2 » U P « 6 L / 0 1 F P  
00s.5»l)Y2 
0 0 1 » . 5 « 0 x  
X A H 2 « C Q I » A M B 2  
Y A M 2 > 0 0 « A H a 2  
X A M < , « 0 . 5 * X A M 2  
YAM4«0.5«YAM? $21=00l«S/niFP 
S 2 2 - S 2 1  
S 2 3 » 0 0 » S / 0 I F P  
S 2 4 . S 2 3  
T S 2 3 » 2 . 0 * S 2 3  
YUX2«Q«/0X 
X O Y 2 « O 0 1 / 0 Y 2  
T Y O X 2 « 2 . 0 » Y O X 2  
T X 0 Y 2 « 2 . 0 « X 0 Y 2  
FY0X2«4.0»Y0X2 
F X 0 Y 2 « 4 . 0 » X O Y 2  qa=0q1*q0 
H A " 2 « 0 * 0 A  
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T A » ? . 0 « H A  
F N I « A M B 1 * Q A  
£N3«APni*TA 
AT-OIFN/OIFP 
tJb U7I?»1.0/0T2 
ATI»AT«ÙTI2 
FMl«ATt«OA 
EH2»ATl«HA 
£m3aatl»ta 
IT2=IT2*l 
WQITE (3,1335) IT? 
OCP^SPOPWCIC2»JC?) 
0 0  6 0 7  I « 1  , I M  
uoi'0.0 00 606 J«2,JM2 
6 0 6  U g l s Q O l - D P E W ( I , J )  
6 0 7  & U L K 2 ( n « 0 Q l  
U(} ftir 
A 1 1  (  I )  • (  ( ; X  (  I - n  X  r  I  )  I  « Y A M 4  
MÎ cn (n»(EX(n*Ex( i*in$YAM4 
00 615 J«2,JH2 
DC 614 I«2,IMW 
S C J L (  U J > « ( F Y I J ( I , J ) * r Y I J C  ) * X A M 4 L  
6 1 4  S C J T ( I » J ) » ( t Y I J ( I , J ) * C Y I J (  I , J  +  1 ) J « X A H ^  
CONTINUE 
C  B t G l N  Y  I T E R A T I O N  A T  L E F T  M U S T  C O L U M N  
6 1 0  u n  6 6 0  r » I M I 2 r I M  
L3=LRQ1(I> 
l4alrr2(n 
1 L « I - 1  
I T = I * l  
C  Z N I A L I 2 6  A N D  C A L C  C C J E F F  F O R  C O L U M N  1  
O C  6 5 0  J « L 3 , L 4  
J L » J - 1  
1 
A 1  W ) = C . O  
a**! (J )s0.0 
C l ( J ) « 0 . 0  
H(JlsO.O 
IR»2«I«?(UJ) 
G O  T O  ( 7 0 1  , 7 0 1 , 7 0 1 ,  7 0 6  $  7 0 4 ,  ? 0 w ,  7  % n , 7 l  0 , 7 1 0 , 7 : ' )  , 7 1  0 )  ,  I H P  >  
701  y0l=TYCX2-Cll(I) 
Al(JJ a0.5«SCJL(I,J)*X0Y2 
CllJl=-0.5»SCJTlI,J)*X0Y2 
004S(SCJT(I,J)-SCJl(I,J))*0.5*TY0X?+T5r2-Kw, 
B M l  ( J  ) s ( F X ( I T ) - 6 X (  I J  » » Y A M 4 ^ T x r Y ? + f H 2 « ' F h 2  
H ( J | s - Q 0 4 * 0 K E W ( 1 , J ) f W 0 1 » C P & W ( I T , J I  
IF( lPB2-2» 650,622 , 6 2 4  
6 2 2  H ( J J » C l ( J ) » O P C h ( I , J T ) * H ( J )  
6 0  T O  6 5 0  624 H(J|sAl(J)»OPEK(I,JL>*H(J) 
G O  T O  6 ' î O  
7 0 4  Q Q 1 = T Y U X 2 * A 1 1 ( n  
Al(J)s0.5»SCJL(I,J»*X0Y2 
C1(J)=-0.5*SCJT(I,J)+X0Y2 
0' 5 4 » (  SCJT( I,J)-SCJL (I,JU»0.5*TY0X2*TS;3-CM2 
B M l ( J I » (feX(()- r X( IL ))»YAM4>TX0Y2 + EM2+ f c N 2  
H(J)sCCl*OPEW(IL,J)-004«0PEW(I,J) 
I F ( m B 2 - 5 )  6 « C , 6 2 7 , 6 2 6  
98 
H(  JJ .CUJ )  «OPÊWi  I  •JT)4 .H (  J )  
G O  T O  6 5 0  
f'Td hfjf'alfjmdpewf f ,  jlmhw) 
G O  T O  6 5 0  
7 1 0  0 Q l « T Y 0 X 2 - C l l ( n  
Û J 2 » T Y O X 2 * A l l ( n  
A U  J ) « S C J L ( I , J ; + T X I : Y 2  
C l ( J ) * - S C J T { I , J ) * T X C Y 2  
0 0 5 « S C J T C I , J  * - S C J L ( I , J ) * F Y 0 X 2 - E M 3  
H M l  ( J ) « C U C n - A l l  (  I  ) * F X 0 Y 2 + E M 3 + E N 3  
H (  J ) « d C 2 « 0 P E W ( l L t J ) > C } Q 5 * 0 F E W (  1 1 J  ) • U 4 1  « U P E W (  I  T ,  J  )  
I F ( I 8 H 2 - A )  6 5 0 , 6 3 5 , 6 3 2  
6  3 2  I F ( 1 8 8 2 - 1 0 )  6 3 3 , 6 5 0 , 6 3 5  
6 3 3  M I J I m A K J ) # 0 P E W (  
G O  T O  6 5 0  
^  i b  H(J )»C1(J )«OPEH{ I , JT»*H<J»  
650  CQNTINUF 
K l - L3 * l  
g 0 « 1 . 0 / 3 H l ( L 3 )  
K(L3 )  < iCUL3 )«QQ 
O U 2 > 0 . 0  
2 ( L3 ) «gO »H ( l 3 )  
DO 651  K "K1 ,L6  
Ow»1 .0 / ( -R (K -1 )«A I (K»*BM1(KM 
R C K ) » C 1 { K ) « 0 0  QU2*A1(K)»00 
6 5 1  Z ( K l » @ U « H ( K ) + 0 Q 2 # Z ( K - l )  
0PEW<[ ,L4 )«2 (L4 )  
J JJ«L4 - i  
o n  6 5 7  J J « L 3 , J J J  
J » J J J * L 3 - J J  
6 5 7  O P E W (  l , J ) * R ( J ) « O P E M ( I , J t l )  • Z I J )  
o A O  C O N T I N U E  
C  b N O  O f  Y I T E R A T I O N  F O P  B A S b  2  
C  S T A R T  U F  X  I T E R A T I O N  F O R  B A S E  ?  
0 0  6 9 0  J « J M I 2 , J M 2  
L  l « L C C l ( J )  
L 2 - L C C 2 ( J )  j  
J L * J - i  W  ,  
JT«J*  1  
L  I N I A L I Z 6  A N D  C  i L  C  C O E F F  F O P  R C k  . 1  
U U  6 7 5  I - L I . L 2  
I L = I - 1  1T»I41 
A(  DeO.O  
3 ( 1 ) « 0 . 0  
C ( 1 1 * 0 . 0  
H (  n « o . o  
l d B ? « I B 2 ( I , J )  
G ( J  T O  (  8 0 1 ,  W O  1 ,  A O  1 ,  6 0 4 , 8 0 6  , « 0 ^ , 8 1 0 , 6 1 0 , 8 1  0 , A I  0 , ^ 1 0 )  ,  I  Ù S ; !  
801  C (n»TY0X2-C l l ( I )  
Q 0 2 a S C J L (  I , J ) » 0 . 5 * X f ? Y 2  
0 0 3 = - S C J T (  I , J ) « n  . 5 * X U Y ?  
B ( I I » ( S C J T ( I , J ) - S C J L ( I . J ) ) * n . S + T Y 0 Y 2 » T S 2 3 * k 4 2 * E N ?  
Q. j4= (  EX(  l T ) -bX (  I  » MYAM4*TXCY2-EM?  
GO TO 905  
8J4  A ( I I «TY0X2+A l l ( n  
0 U 2 « S C J L ( I , J » * C . 5 f X n Y 2  
g 0 3 « - S C J T ( I , J » » 0 . 5 * x n Y 2  
8 { n » ( S C J T ( I , J ) - S C J L ( I , J ) ) * 0 . 5 * T Y L X 2 * T $ 2 3 * E M 2 * E N ?  
CLU4A( e x (  I )  -EX( I L  ) MYAM4+TXCY2-EM? 
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a i s  r i l l ) « C C 2 * 0 P f c W ( I , J L ) - 0 0 4 * D P e w ( U J ) + 0 0 3 » C P C W J I f J T J  
Oi l  TO 679  
f i o  A(  n«TYnx2^A l l  (  I  I  
C (  I I « T Y 0 X 2 - C l l ( r i  
OiJ3sTXrJY2 *SCJL {  I  »  J )  
0g< .«TxnY2-SCJT{  i  ,J )  
B n i « S C J T (  I , J ) - S C J l  (  I , J ) * f - Y 0 X 2 * E M 3 * F N '  
UQb=CI l ( n -A1 I ( I ) •FXUY2-ÇM3 
o71  H {  1  )«U0?»UP6H(  I .  JL  ) - 009»0PFH(  I  •  J  )  • 004*n«»pw<  ! »JT )  
IF  (  IBD2-A )  67 ( . ,O70 .67S  
6  7 0  H ( 1 l « C ( I ) » O P b W ( I  
6  75  COMINUg  k)=l1*1 
UiJs l .O /H (L  1 )  
R<L I )=C(L1 )«QC 
002=0.0 
Z IL1 )«CQ«H(L I J  
DO 674  K«K2 , t2  
00» l .C / ( - f t  (K -1  l #A (K )4 .B (K )  )  
R (KJ*C(K )«QO 
Od2>A(K I«0Q 
676  Z (K )»WC*H(K) *GC?»Z(K -1 )  
DPEw(LZ ,J )«Z<L2 l  
I rT«L2 - l  
o n  6 f l ?  i i « n » n i  
I  
66 :  OPEW(  I »J )«R<n»OPFW(r* l , J )+Z ( I  )  
I k  (NCUT2-NRUN2)  466 ,666 ,690  
r. OUTPUT CTR JCT  UPFW VALUES 
466  ÏF ( J -? )  672 ,672 ,674  
672  JJ«1  
WRITE  ( 3 ,1336 )  J  J  ,  ( OPbW(  I  ,  1  ) ,  I>1 ,  IM  )  
674  WHITE  ( 3 ,1336 )  J , ( LPEW( l , J ) , I * l , IM )  
C  OUTPUT N2P2  OR SHOUTING CONTACT DPCW VALUES 
642  I f -  ( J - JH2 Î  690 ,602 ,692  
6«32  WQITE  ( 3 ,1336 )  JM2T ,  (  n» t  W(  I ,  JM2T  » ,  t  « I  ,  IM)  
6«0  CONTINUE 
C  r .NU  OF  X  ITERATION FOP BASE 2  
00  lOC l  
001=0.0 
03  1000  J«2 , JH2  
1  )U0  QOISDPEWI   ,J )4 -Q01  
1  OU 1  BULK2  (  I  ) «BULK 2  (  I }  « -0U1  
I F  (NCJ )  1203 ,1203 ,1195  
I J03  C3FS«CC 
C CALC AND PUNCH TOTAL  T IME ANO ITERATIONS IN  BASF  2  
1105  T IM2«T IM2^2 .0« rT2  
RT IM2«FREAL*T I> ' 2  
WRITE  ( 3 ,1341 )  DT2 ,T IM2 ,RT IM2  
130m FORMAT (1013 )  
1309  FORMAT ( »  « ,1013 )  
1310  FURMAT (213 )  
1311  FÛKMAT ( •  ' , 213 )  
1335  FURMAT ( •  • , 21HBASF 2  ITERATION NO , I r )  
1 *36  FURMAT ( •  ' , I 3 / ( '  • , 5F14 .6 ) )  
l ?4 l  FORMAT ( •  * , 5H  0T2= .F14 .6 ,13H  TOTAI  T  I  Mgs ,  l  7H f î .TAL  PFA i  M  
1ME= .E15 .8 )  
kFTURN 
END 
SUOROtT IN fe  TCALC(NT IMFJ  
DUURLF  PR&CIS ICN F11 (20 ) ,CCC(20 ) ,VE(20 ) ,VT (?0» ,VC(70 ) •VCT(?0 ) ,  
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2 0 )  , E J C I  2 0 )  t A J { 2 0 ) » C J V l 2 0 ) f C J V T Ï 2 0 )  f  C J C  (  2  0  )  J C 2  ( 2 0 1  •  
2 T e F K 2 J U T D N t  2 0 1  . T 0 P ( 2 0 )  f  B U L K !  (  2 0  )  . 8 U L  K 2  ( 2 0 )  ,  B I C H  , r t 2 C H , T J M Y  
C  J M M O N  F 2 C t C C C » v e . V T , V C . V C  T ,  T F f ' O ,  f  J C  •  A  J , C J V , C J v r , C  J C . C J C  >  , T F F f -  ,  
I T O N f  T D P , B U L I C l  , H U L K : , B l C H , B 2 C H , t 3 U M Y , O N £ h ( 2  0 , 2 0 )  , O P E k (  ^ 1 , ? )  ) ,  
2 E Y l J t ? D , 2 0 l  
C r W M O N  G ( 2 0 ) , ^ 1 ( 2 0 ) . n i ( ? 0 ) , r i ( ? 0 ) » T N l ( ? 0 ) , T P 2 ( 2 0 »  r  
l A ( 2 0 ) , B ( 2 0 ) , C ( 2 ' J ) . B H ( 2 0 » . e M l ( 2 0 ) , h ( 2 0 J » « C 2 0 ) W ( 7 0 ) , F X ( 2 0 1  » f c Y l 7  ) )  
2 ' < H ( 2 0 »  , 8 P 1 2 0 >  , R / ' N ( ? i ) ) , R l P ( 2 n )  , P C ( 1 2 )  • P r C (  : 2 )  •  
3 T M ( 1 2  )  , R H C ' 2 ( 2 0 ) , C r j ( 2 0  )  » C 6 M ( 2 0  )  t C E H l  ( 2 0  )  ,  V O K O P  (  ? 0  ) ,  
6 - B N ( < 0 )  , H l W , ô 2 W » F L « t . X N f Y N l  ,  Y N 2  t O I  F N  f  0 1  F P  , S  t  T  A U  •  T A U P  . U N ,  • C L Û ? !  '  
C C ^ M O N  f ^ R E A L , C J H l , C J M 2 , C J M - i , C H l , C " 3 » A M , A R 2 , C C f C C l , C C ? » C t " . D f t  . r :  K ,  
l0u,cuns.trc»t,pl,fe2,0t,0t2,ttmt,nm?,cti>»f,c(jl0*clnc*0cnl,oo'»2» 
2 A L P H . C L N , n t P » t F . f c 2 E F , R H O , R M ? » F l Ê F » E 2 W , r i W , C F T R , C F T 1 , C K 0 N , T M A X .  
Î T M A X 2 f C P 2 # C P P » V N I X ,  T G A T f e  , E X H , t Y H , R r M , R t M j  ,  Q O O y , R R R *  1 R « 2 r - i P , E 2 N  •  
« • £ 2 P , Ê I N , X 1 , Y 1 1 , Y 2 I  . A L , R B X , R T » « C C l G . C G F S . 8 l C P t > , B ? C P P , C 2 E R i  • C Z E R  * '  
C O M M O N  I H ,  J M l  ,  J M ; »  »  I M I 2  S . J M 2 T ,  J M T  , N T M ? , N N N » K K , K K M ,  U X ,  
lNSc, N C T 2 , N C J ? N V C N X,IVK, H A X . I C f  J C .  I C 2  t J C ?  •  J J Ê 2 »  M P C  . N T H  .Nrj- J T  •  N O U  r ?  
2 N S T P , N T , N n F F , N S T T f H M A X , L V C » H F I R S » N I T l • N r T 2 * N C L C S f  M C L C S . N R U N , N 0 » J N  
3 N 3 2  
N T I M g » 0  
T  I N C » 1 > T  
T T T s T M A X  
T J L D » C C M  
T \ c W P O N E W (  I C , J O  
F I  » » s ( O N E W (  i C f  i  ) - D N E W (  I C » J H T )  ) / Y N U O N E w ( r C . J M T )  
i - ( " i  I P  ( T H L O )  1 5 0 1 , 1 5 0 1 , 1 4 0 9  
1 4 0 5  P . î F s T \ f W / F t P  
P I = A 6 S ( ( T 0 L 0 - T N 6 W ) / T N F W )  
D U  1 4 9 3  L M l = l , H P C  
I F  ( P I - P I C ( L H 1 J l  1 4 9 3 , 1 4 9 ^ , 1 4 9 4  
C O N T I N U E  
L M 1 « M P C  
1 4 9 4  T I N C » T M { L H I ) 9 T T T  
I  s o u  W R i T t  ( 3 , 1 6 4 2 )  F  I P  , P O F , P I , T I N C  
1 5 0 1  I F  I N T I M E )  1 5 0 5 , 1 5 0 5 , 1 5 1 0  
ibot, otstinc 
ntlmçsl 
T I N C « 0 T 2  
T T T - T F A X 2  
T 0 t 0 « C C P ?  
TNEH»0P6W(IC2,JC2) 
QQ»(0PEW( lC2WM2T) -0PCW( IC2 , i n /YN2  
F I P « U P E W ( I C 2 » 1 ) ^ 0 0 - F B 2 » E Y I J ( I C 2 , J M 2 T ) * D P E W ( I C 2 , J M ? T ) / C J M 7  
G H  T O  1 4 0 0  
1 5 1 0  D T 2 = r i N C  
IF (0T-0T2) 1611,1512,1512 
1 5 1 1  T N T M a D T 2 / 0 T * l . O E - 0 2  
N T M ; > « 1  
N T M « I N T ( T N T M )  
0 T 2 - N  T M # 0 T  
G O  T O  1 5 1 6  
1 5 1 2  N T M = 1  
N T M 2 - 1  
G O  T O  1 5 1 6  
1 5 1 ?  T N T M 2 * D T / D T 2 * 1 . 0 E - 0 2  
N T M - 1  
N T M 2 « I N T ( T N T M 2 %  
U T = N T M 2 * D T 2  
1 5 1 6  W R I T E  ( 3 , 1 6 5 0 )  N T M , N T M 2 , 0 T  , ( 5 T ?  
l ( » 4 2  F O R M A T  ( »  » , •  F I P = ' , F 1 4 . 6 , *  P O F s  • ,  E  1 ^ . 6 ,  •  P  ! « •  , £  ! < •  . 6 ,  •  T I N T S »  
1 E 1 4 . 6 )  
° ? 4 O O -3 O C I u tu lu lU t 
§8§g: o ff. m c m o m ( 
ocoocooo 
. a-'Ljujala^ujL 
• o o e o c? e « 
^ootomoou 
> -C <4) ^  ^ .-n r> # 
)kv«no'9 ^ ^  f 
Î O o c o o O < 
f ^ ^ ^ ^ s >ooooooc 
; g 5 5 
>oo 
3? Ô Ô 
^ -I 
II 11 iiii 
iii 
ii^LjuiUiujiuujiuUiiiiaiuubLuii 
j ui x at tu i 
J pj o o o c 
> IT o m o < 
* •«>" ir> ^ ec c 
> o o o o o O c 
^ootf^ipcou iininKh- cor 
O O #-4 r-* *—4 »-* f 
ill 
o o in tn 
ss 
® « 
COOOCOOC 
fM O Ui Uj I 
~SSI 
4 ri in o 
• I • I •• J Ui UJ lU U J 
) ^ o tn (T 
> M Ol CD 
^ #1 
ill 
1 o c o o o o < > O O O O O o < 
u. lu lu UJ Ui u: 1 o o o o o o o o o o o o O O o o o o o o m o «A o <o r» « co ch 
o o o o o 
UI UI Ui UJ U1 O O o o o m to o o to (M rM m tn h> cc cc O 4) <r 
^ 4 N N * 
OOOOOOOO OOOOeoOo3oooo 
r- r-t • ? ! 
a ^  o> (** • 
# f * J UJ til UI UI 
KOOCOOOOO 
V- "« o o 
• 4 
V o o e 
0 o o o 1 I o • UI UI O UI 
o o o 
•-«•-4f-*oooooo 
4 • • 
ill 
o o c c o o 
• • • • • •  UI UI UI UI U, UI o o o o o o u o o o o o u o o o o o <M o tn m o -o 
-4 lA M ^  ^ o O 
p 
ss NO 
ss®° 
iin 
I U UJ UI 
ni 
sss 
SKS 
SH 
III * * * 
N O O 
^ 4- •! s 
+ • ? • * UI lu UI UI t 
ra n s s c 
w #4 n ^  ^  >#•»•«»•«» if\ ir* ^ o o <o 4> CI (M e m m <0 H) r m m m m ^  sf w 
ir 
ioi 
II 
ss 
ooooooooooo • • o o o o 
r m o o o o o c 
* I I * I u Ui Ui UI 
* m m m o 
UI u* O UI 
O et O O 
^ m O 3 
I I I 
o o o o o o o o o o o o 
> o o o o o o < 
o o o o o o o *0000000000 
l§ lûiûûiiûiiiiîtuiUi 
il ôtÂtÂoiti^mv 
III o o o o o 
o o o o o o < o o o o o o c o o o o o o < 
IWUIAlUlUlUiUI 
> o o o > o o 
- f- o o 
« w* m > » «t 
oj rg S S K r cc <r -o c > o o «M ^  CM r 
SS 
II 
I t 1 I 
^  ^  ^  %  o o o o ( 
• • • • • 
o o o o ^ 
^ ^ N N ( Q> cr 'O <c < 
m m sf ^ * 
llll 
S ^ (M IM 
o fM CM (A h 
^ -C 
+ + + 
hI 
aIT 
illll 
' • • • • I m ui Ui UJ I o o o «n I o lA tn r» I O N N m 
[ 5 % SIo 
;llll 
• -f • I UJ UI UI UI » O O O » O tf> u\ r» I o N N m 
IK ^  S !o 
iiî 
îî 
10 o o r- o O 
^ ^  
? ^  ? 
o o o 
• • 
ill 
11 J) « 
cq f* h» 
«n o o h- o o 
) A o ^ ( j UJ tL ui II 
m ? S S t > a> K 
r- O o r 
•c o « % 
III 
??? 
o o o 
• • • 
ni 
o o o 
èés 
«A s s o lo m lA K f-m m 
III 
con 
^ UI Ui Ui UI ÙJ 
;??? 
) oo o 
ill 
ill 
n œ « tf> m ^  
SKS 
o  o  N  
o o 5 
O O N  
éès 
«t UJ ui 
II?
u  UJ u :  UJ 
0 N (M <r 
jl ^  J) « 
jn g C ^ 
— — - ^ <4> «c frv m 
• • • • • • • • • • • • • • • • • • • • • • • • • » • »  • • »  OOOOOOOOOOOCOOOOOOOOOOOOO-^OOOOO 
O O O ^ *£1 c O J. 
.-<- i-»»-»-t-'^t-»^ooo^ oo»-»»-r^ 
^OOC,COCJ)COOO -O-ooïgox 0 o o UJ Ol «vj «Jt-i ». .-» •-•^•-'•-«•-••-h-'ooo -«i«jwvrrj 
»^oooooC'OOmmmo vnvnoow 1 I * m rn -n rr rr> 
n o OOo • • • • • 
•—oooooooovflt—o o o o 3 o 
-5S55S5.i.o ??°??.°??????????????opoppiiin 
r"'""'°"°°°°lR88§88ggr°SSg=% 
=55;;S55S. ; = gssgggsggg 333=% 
°° =5555555-, !S llilillili SSSS» 
<-» •••*•••••• t t * + * 
^ SSSSSSSSSS ggggg • w »v V IV V IV «V rv %r %r 9» 
)° ppoocooocoooooooooooooôôiôô 
;o Oooooôôôôôôooooôôôôoooôôî-^IÎO 
(r 3" » o» 
00 popoppopppoooooopooooooioii 
1° SS2SSSSS5'Ï°°°°°°°°"°°°°°Ô:S:K 
s iiii il 
; gggggggggg ?°°|? 
?? ????????P???????????.o?P?Api 
Ku!K5!SiK5!S5iS!°°°°°°°'^°° = °S3G;';K 
! ill 111 
-J «Jl V%N i_u 
SS2°S o 
SS552 
u* utrvj V VI o o VI ni m rri mm 
O o o 00 o» »
«'•-•«-iOJ-'W , , VN'V'V Z \ 
103 
1  1 0  1 0  I  c  1  0  1 0  1 0  1 0  1 0  4  
1  1 0  1 0  1 0  1 0  1 0  I C  1 0  1 0  4  
I  1 0  1 0  I C  1 0  1 0  1 0  1 0  1 0  4  
1  l-i 1 0  1 0  1 0  1 0  I  c  1 0  1 0  4  
1  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  4  
1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  4  
2  u  1 1  1 1  u  1 1  1 1  1 1  1 1  5  
1  10  
I lO 
1  : o  
1 10 
I  10 
1 10 
1 10 
1  10  
7  4  
7  9  2 4 
2 9 
2 9 
? 9 
2 2 S 2 9 ? q 
CMO UF  INPUT CAT  A  SENSED 


